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The d e s ig n  and im p le m e n ta tio n  o f  a  f i r m ’ s d i s t r i b u t i o n  netw ork  
in v o lv e s ,  among o th e r  th in g s ,  d e c is io n s  on th e  num ber, s i z e  d i s t r i b u ­
t i o n ,  and lo c a t io n s  o f  i t s  r e t a i l  o u t l e t s .  To w i t ,  th e  f irm  m ust 
d ec id e  on th e  number o f  r e t a i l  o u t l e t s  i t  sh o u ld  have  in  each  o f  i t s  
m arket a r e a s ,  t h e i r  p h y s ic a l  c h a r a c t e r i s t i c s ,  and l o c a t i o n a l  a t t r i b u t e s .
The p r e s e n t  re s e a rc h  p o s tu la te s  t h a t  b a s ic  te c h n iq u e s  o f  s t a t i s ­
t i c a l  a n a ly s is  and m a th e m a tica l program m ing, and th e  e x p e r ie n c e  o f 
management, in  c o n ju n c tio n  w ith  in fo rm a tio n  commonly a v a i l a b le  i n  many 
m a rk e tin g  f irm s  can be u t i l i z e d  in  re a c h in g  ch an n e l d e c is io n s  co n ce rn ­
in g  th e  num ber, s i z e  d i s t r i b u t i o n ,  and lo c a t io n s  o f  th e  f i r m ’ s b ran d ed  
r e t a i l  o u t l e t s .  In  t h i s  r e g a rd ,  a  dynam ic a l l o c a t i o n  model i s  d e v e l­
oped w hereby th e  f i r m 's  r e t a i l  o u t l e t  b u i ld in g  re s o u rc e s  a re  a l lo c a te d  
among i t s  v a r io u s  m arke t a re a s  and o v e r  a  g iv en  p e r io d  o f  tim e .
The model ta k e s  th e  p o s i t i o n  t h a t  h i e r a r c h i c a l  l i n k in g  and h o r i ­
z o n ta l  c o o rd in a tio n  o f  in te r - m a r k e t  and in t r a - m a r k e t  d e c is io n s  a r e  
n e c e s s a ry  f o r  th e  p ro p e r  d e s ig n , im p le m e n ta tio n , and e v a lu a t io n  o f  th e  
f i r m ’ s d i s t r i b u t i o n  n e tw o rk 's  a g g re g a te  p e rfo rm an c e .
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S t r u c t u r a l l y ,  th e  model c o n s i s t s  o f  th r e e  b a s ic  com ponents: th e  
In p u t  In fo rm a tio n  System  ( I I S ) , th e  O p e ra tin g  System  (O S), and th e  
O utpu t In fo rm a tio n  System  (O IS ). The I IS  p ro v id e s  th e  O p e ra tin g  System  
w ith  a  s e t  o f  in fo rm a tio n  and d a ta  p o in ts  r e le v a n t  to  f u tu r e  a l l o c a t i o n
d e c is io n s .  The OS, on th e  o th e r  h an d , i n t e g r a t e s  in te r - m a r k e t  a l l o c a t i o n  
d e c is io n s  and in t r a - m a r k e t  lo c a t io n  d e c is io n s  so  as  to  p roduce  an optimum 
r e t a i l  o u t l e t  b u i ld in g  p la n  o v e r a  g iv en  p la n n in g  h o r iz o n .
S in ce  th e  model was s t r u c tu r e d  on a  g e n e ra l  b a s i s ,  a  s u b s e t  o f  th e  
ch an n e l d e c is io n s  in  th e  g a s o l in e  r e t a i l i n g  in d u s t r y  was u sed  as a  fram e­
w ork f o r  d e v e lo p in g  i t s  f u n c t io n a l  r e l a t i o n s h ip s  and f o r  d e t a i l i n g  i t s  
b a s i c  p ro c e d u re s . T h e re fo re , th e  g e n e r a l i z a b i l i t y  o f  th e  l a t t e r  to  o th e r  
f irm s  in  o th e r  i n d u s t r i e s ,  such  a s  th e  b an k in g  in d u s t r y ,  su p e rm ark e t 
c h a in s ,  f a s t  food  r e s t a u r a n t s ,  e t c . ,  i s  l im i t e d  in  as much as  th e  a l lo c a ­
t io n  d e c is io n s  and th e  l o c a t i o n a l  a t t r i b u t e s  o f  th e s e  f i r m s 1 r e t a i l  
o u t l e t s  d i f f e r  from  th o s e  found in  th e  g a s o l in e  r e t a i l i n g  in d u s t r y .
The in te r - m a r k e t  a l l o c a t i o n  p ro c e d u re s  p ro p o sed  by th e  model a re  
b a se d  on two r e l a t e d  c r i t e r i a :  th e  f i r s t  c o n s i s t s  o f  T h re sh o ld  A n a ly s is  
and M arket A rea S a tu r a t io n  A n a ly s is ;  th e  sec o n d , o f  th e  f i r m ’ s M arket 
R esponse F u n c tio n . The in t r a - m a r k e t  lo c a t io n  p ro c e d u re s ,  on th e  o th e r  
h an d , a re  b a se d  on a  s e t  o f  s e a rc h  p ro c e d u re s  term ed  L o c a t io n -A llo c a t io n  
p ro c e d u re s . Imbeded in  th e  l a t t e r  a re  th e  l o c a t i o n a l  c r i t e r i a  o f  a c c e s ­
s i b i l i t y ,  i n t e r c e p t i b i l i t y ,  and c e n t r a l i t y  w hich a v o id  m ost o f  th e  d e f i ­
c ie n c ie s  a s s o c ia te d  w ith  G ra v ity  M odels. The p ro c e d u re s  combine th e  
b a s ic  c o n ce p ts  u n d e r ly in g  p o t e n t i a l  and s p a t i a l  i n t e r a c t i o n  m odels an d ,
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a t  th e  same tim e , i n j e c t  needed  b e h a v io r a l  d im ensions i n t o  th e  l o c a t i o n a l  
p rob lem s o f  th e  f irm .
S in c e  th e  s i z e  o f  a r e t a i l  o u t l e t  i s ,  i n  many r e s p e c t s ,  r e l a t e d  to  
th e  number and lo c a t io n  d e c is io n s ,  i t  was su g g e s te d  th a t  e m p ir ic a l  c o s t  
a n a ly s i s  be  u sed  i n  o rd e r  to  a r r i v e  a t  th e  optimum econom ic s i z e  o f  a
g iv en  r e t a i l  o u t l e t .
In  a  l a t t e r  p a r t  o f  th e  d i s s e r t a t i o n ,  an i l l u s t r a t i v e  a p p l ic a t io n  
o f  th e  m o d e l's  b a s ic  p ro c e d u re s  was co n d u c ted . The a n a ly s is  c e n te re d  
on a  h y p o th e t ic a l  c a se  o f  a  m a jo r g a s o l in e  m a rk e tin g  f irm  w hich d i s t r i b u ­
t e s  i t s  p ro d u c ts  i n  32 s e l e c t e d  m arket a r e a s .  The r e s u l t s  showed th a t  
th e  m o d e l 's  p ro c e d u re s  a r e  l o g i c a l l y  c o n s i s t e n t  and g e n e r a l ly  le a d in g  to  
th e  developm ent o f  a  v ia b le  r e t a i l  o u t l e t  b u i ld in g  p la n  f o r  a l l o c a t i n g  
th e  f i r m 's  r e t a i l  o u t l e t  b u i ld in g  re s o u rc e s  a c ro s s  i t s  v a r io u s  m ark e t 
a r e a s  and o v e r  a  g iv e n  p la n n in g  h o r iz o n .
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C h ap te r I  
I n t r o d u c t io n
The prob lem  o f  d e te rm in in g  th e  num ber, s i z e  d i s t r i b u t i o n ,  and 
lo c a t io n s  o f  a m a rk e tin g  f i r m 's  r e t a i l  o u t l e t s  in v o lv e s  com plex i s s u e s  
i n  s t r a t e g y  and t a c t i c s ,  and i s  p a r t  and p a r c e l  o f  i t s  o v e r a l l  m a rk e tin g  
p la n s ,  p rog ram s, and a c t i o n s .  In  t h i s  r e s p e c t ,  sy stem s app roach  p ro v id e s  
a  v a lu a b le  c o n c e p tu a l fram ew ork w i th in  w hich su ch  a  co m p lex ity  can  be  
o rg a n iz e d .
W hereas th e r e  can  be  l i t t l e  doub t o f  th e  f a c t  t h a t  th e  en v iro n m en t 
o f  a  f i r m 's  d i s t r i b u t i o n  sy stem  a f f e c t s  i t s  o p e r a t io n ,  th e  r e l a t i v e  
d eg ree  to  w hich such  a  sy stem  a c h ie v e s  i t s  o b je c t iv e s  depends on th e  
f i r m 's  a b i l i t y  to  a t t a i n  an e f f i c i e n t  and e f f e c t i v e  dep loym ent o f  i t s  
r e s o u r c e s .  From th e  m a rk e tin g  e x e c u t iv e 's  v ie w p o in t ,  t h i s  r e q u i r e s  
s t r a t e g i c  p la n n in g , and in v o lv e s  th e  s im u lta n e o u s  i d e n t i f i c a t i o n  o f  a 
t a r g e t  m arket and th e  fo rm u la t io n  o f  a m a rk e tin g  m ix .
The c o n c e p t o f  th e  m a rk e tin g  m ix c h a r a c t e r i z e s  th e  s t r u c t u r a l
.d im ensions o f  th e  m a rk e tin g  sy stem  in  te rm s o f  i t s  su b sy stem s
-  subm ixes -  w hich a re  o f t e n  i d e n t i f i e d  a s  'th e  p ro d u c t and s e r v ic e s
1.
subm ix , th e  p ro m o tio n a l subm ix , and th e  d i s t r i b u t i o n  subm ix . On th e  
o th e r  h an d , th e  p ro c e s s  o f  i s o l a t i n g  one o r  more hom ogeneous m arke t
^W illiam  L a z e r , James D .C u lle y , and Thomas A .S ta u d t ,  "The C oncept 
o f  th e  M ark e tin g  M ix ,"  i n  Eugene J .K e l le y  and W illiam  L a z e r ,  e d s . ,  
M an ag e ria l M ark e tin g : P o l i c i e s ,  S t r a t e g i e s ,  and D e c is io n s  (Homewood, 
I l l i n o i s :  R ic h a rd  D .I rw in , I n c . ,  1973 ), PP. 2 7 -3 7 .
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segm ents each  w ith  d i s t i n c t i v e  n eed s  i s  term ed  m arke t s e g m e n ta tio n . The 
co n cep t em phasizes th e  f a c t  t h a t  th e  m a rk e tin g  f irm  o f te n  fa c e s  d i f f e r ­
e n t  demand fu n c t io n s  i n  d i f f e r e n t  p a r t s  o f  th e  m a rk e t. So f a r ,  th e  
prob lem  in  m arket s e g m e n ta tio n  r e s e a rc h  h a s  been  one o f  i d e n t i f y i n g  th e  
r e l e v a n t  d im ensions t h a t  a re  c a p a b le  o f  d i f f e r e n t i a t i n g  among th e  v a r io u s  
segm ents o f  th e  m a rk e t. I n  t h i s  r e s p e c t ,  b e h a v io r a l  as w e l l  a s  s o c io ­
econom ic, dem ograph ic , and g e o g ra p h ic  d im en sio n s  h ave  b een  u se d . In  
g e n e r a l ,  th e  so c io eco n o m ic , d em ograph ic , and g e o g ra p h ic  d im en sio n s  o f  
a g iv en  m arket a r e  o f  p a r t i c u l a r  r e le v a n c e  to  th e  o p e r a t i o n a l i z a t i o n  o f  
th e  f i r m 's  m a rk e tin g  program s and a c t i o n s ,  a t  l e a s t  i n  th e  c a se  o f  
d i s t r i b u t i o n  and p ro m o tio n a l d e c i s io n s .
N o tw ith s ta n d in g  th e  f a c t  t h a t  t r a d e - o f f s  e x i s t  among th e  v a r io u s  
e lem en ts  o f  th e  f i r m 's  m a rk e tin g  m ix, th e  sco p e  o f  th e  p r e s e n t  r e s e a rc h  
i s  l im i t e d  to  th e  a r e a  o f  d i s t r i b u t i o n  c h a n n e ls  in  g e n e r a l ,  and to  th e  
problem  o f  d e te rm in in g  th e  num ber, s i z e  d i s t r i b u t i o n ,  and lo c a t io n s  o f  
a m a rk e tin g  f i r m 's  b ran d ed  r e t a i l  o u t l e t s  in  p a r t i c u l a r .
•1. V e r t i c a l  M ark e tin g  S y s tem s .
The p a s t  decade  h a s  w itn e s s e d  an in c r e a s e d  a t t e n t i o n  by m a rk e tin g  
s c h o la r s  to  th e  grow th  and p r o l i f e r a t i o n  o f  v e r t i c a l  m a rk e tin g  sy s te m s . 
Such sy s te m s , in  c o n t r a s t  to  c o n v e n tio n a l  m a rk e tin g  c h a n n e ls ,  a re  
" p ro fe s s io n a lly -m a n a g e d  and c e n t r a l l y - o p e r a t e d  n e tw o rk s  t h a t  a re  p r e ­
e n g in e e re d  to  a c h e iv e  s i g n i f i c a n t  o p e r a t in g  econom ies and maximum m arke t
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im p a c t."
A lthough th e  f a c t o r s  r e l e v a n t  to  th e  d e s ig n  o f  v e r t i c a l  m a rk e tin g  
sy stem s a re  i n  many r e s p e c t s  s i m i l a r  to  th o se  in v o lv e d  i n  th e  c h o ic e  o f  
c o n v e n tio n a l  m a rk e tin g  c h a n n e ls ,  th e  o p e r a t io n a l  c a p a b i l i t i e s  o f  such  
sy stem s p ro v id e  them w ith  c e r t a i n  d i f f e r e n t i a l  a d v an ta g e s  o v e r con­
v e n t io n a l  m a rk e tin g  c h a n n e ls .  F i r s t ,  v e r t i c a l  m a rk e tin g  sy stem s add 
more f l e x i b i l i t y  to  th e  f i r m 's  d i s t r i b u t i o n  s t r a t e g y  i n  t h a t  th ey  can 
be t a i l o r e d  to  f i t  th e  n eed s  o f  a  p a r t i c u l a r  p ro d u c t- ra a rk e t m ix.
Second, v e r t i c a l ,  m a rk e tin g  sy s te m s , as  c o o rd in a te d  m a rk e tin g  
a c t i v i t i e s ,  have  o f te n  r e s u l t e d  .in  in c re a s e d  o p e r a t io n a l  econom ies and 
h ig h e r  m arke t im p a c t. Such a  c o o rd in a t io n  i s  u s u a l ly  a c h ie v e d  th ro u g h  
a  number o f  a l t e r n a t i v e  a rra n g em en ts  such  as  th e  u se  o f  program s 
( a d m in is t r a t iv e  VMS), c o n t r a c t s  ( c o n t r a c tu a l  VMS), common ow nersh ip  and 
o p e r a t io n  ( c o rp o ra te  VMS), o r  a  co m b in a tio n  th e r e o f .  O b v io u sly , 
d i f f e r e n t  a rra n g em en ts  in v o lv e - d i f f e r e n t  in v e s tm e n t l e v e l s ,  c o s t  
s t r u c t u r e s ,  and o p e r a t io n a l  f l e x i b i l i t y .
F in a l ly ,  th ro u g h ' a c t i v i t y  c o o r d in a t io n ,  VMS can e l im in a te  d u p l ic a ­
t io n  o f  e f f o r t s ,  a c h ie v e  econom ies o f  s c a le .,  and m ost o f  a l l ,  p ro v id e  
th e  r e s o u rc e s  and th e  o p p o r tu n i ty  f o r  th e  a p p l i c a t i o n  o f  s c i e n t i f i c  
d e c is io n -m a k in g  m ethods to  th e  d i s t r i b u t i o n  p rob lem s o f  th e  f irm .
O
^ B e rt C.McCammon, J r . ,  A lto n  F .D oody, and W illia m  R .D av idson , 
"Em erging P a t t e r n s  o f  D i s t r i b u t i o n , "  i n  B ruce J .W a lk e r and J o e l  B. 
H aynes, e d s . ,  M ark e tin g  C hannels & I n s t i t u t i o n s :  R ead ings on D is t r ib u ­
t io n  C oncepts and P r a c t i c e s  (Colum bus, O h io : G rid , I n c . ,  1973 ), P . 213.
Many consum er o r ie n te d  m a rk e tin g  f irm s  o p e ra te  u n d e r such  a  d i s ­
t r i b u t i o n  c h a n n e ls  a rra n g em en t. T hus, o i l  com pan ies , th e  ban k in g  
in d u s t r y ,  su p e rm ark e t c h a in s ,  f a s t  food  r e s t a u r a n t s ,  a u to  p a r t s  and 
r e p a i r  s e r v ic e s  a r e  b u t  few ex am p les .
The d e s ig n  o f  VMS in v o lv e s ,  among o th e r  th in g s ,  th e  p roblem  o f 
d e c id in g  on th e  num ber, s i z e ,  and lo c a t io n  o f  r e t a i l  f a c i l i t i e s .  In  th e  
c a s e  w here th e  f i r m ’s p ro d u c ts  and s e r v ic e s  r e q u i r e  a  d i s t r i b u t i o n  s t r a t ­
egy w hich in v o lv e s  i n t e n s iv e  m ark e t c o v e ra g e , a s  in  th e  c a se  o f g a s o l in e  
d i s t r i b u t i o n ,  a l a r g e  number o f  b ran d ed  r e t a i l  o u t l e t s  would be in v o lv e d . 
The g e o g ra p h ic  a l l o c a t i o n  o f  su ch  o u t l e t s  among v a r io u s  m ark e t a r e a s ,  
and t h e i r  s p a t i a l  p o s i t io n in g  w i th in  th e  r e s p e c t iv e  a r e a s  m ust be a r ­
ran g ed  in  su ch  a  way t h a t  th e  f i r m 's  d i s t r i b u t i o n  s y s te m 's  a g g re g a te  
p e rfo rm an ce  i s  o p tim iz e d .
In  p r a c t i c e ,  how ever, th e  two d e c is io n s  -  th e  in te r - m a r k e t  a l l o c a t ­
io n  and in t r a - m a r k e t  lo c a t io n  d e c is io n s  -  a r e  o f te n  re g a rd e d  a s  r a t h e r  
in d e p e n d e n t and a r e  u s u a l ly  made a t  two d i f f e r e n t  o r g a n iz a t io n a l  l e v e l s .  
As a  r e s u l t ,  th e  p rob lem  o f  d i s t r i b u t i o n  c h a n n e ls ' d e s ig n  i s  approached  
on a  frag m en ted  m a rk e t-b y -m a rk e t b a s i s .
The p o s i t i o n  ta k e n  by th e  p r e s e n t  r e s e a r c h  i s  t h a t  h i e r a r c h i c a l  
l i n k in g  o f  b o th  d e c is io n s  i s  n e c e s s a ry  f o r  th e  d e s ig n ,  im p le m e n ta tio n , 
and e v a lu a t io n  o f  th e  f i r m 's  d i s t r i b u t i o n  ne tw o rk  a g g re g a te  p e rfo rm an ce . 
The fo llo w in g  rem ark s  a r e  i n  o r d e r .
F i r s t ,  an a to m is t i c  v ie w , a s  opposed to  a  sy stem s v ie w , o f  a  d i s ­
t r i b u t i o n  n e tw o rk  im p lie s  t h a t  th e  p e rfo rm an ce  o f  a  g iv e n  r e t a i l  o u t l e t
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h as no b e a r in g s  on t h a t  o f  a n o th e r .  E m p ir ic a l f in d in g s ,  how ever, p o in t  
to  th e  c o n t r a r y .  F o r exam ple, i n  a  s tu d y  o f com m ercial b a n k s ’ t r a d in g  
a r e a s  i t  was found t h a t  com peting  b ra n c h es  o f  th e  same bank o f te n  a f f e c t
q
each  o t h e r ’ s t r a d in g  a r e a s  a s  d e f in e d  by c u s to m e rs ’ a c t i o n .  Such a 
phenomenon i s  term ed  " d i l u t i o n "  and o c c u rs  w henever th e  a v e ra g e  s a l e s  
p e r  company o u t l e t  d e c re a s e s  a s  a  r e s u l t  o f  ad d in g  one o r  more o u t l e t s  
in  th e  same m ark e t a r e a .  H e n c e fo r th , such  an e f f e c t  w i l l  be term ed 
" o u t l e t  i n t e r a c t i o n  e f f e c t " .
Second, such  an  a p p ro ach  ( a to m is t ic )  a l s o  ig n o re s  th e  o v e r a l l  
e f f e c t  o f  a d i s t r i b u t i o n  n e tw o rk  on th e  p e rfo rm an ce  o f  in d iv id u a l  o u t l e t s .  
Such an  e f f e c t  w i l l  be term ed  "n e tw o rk  e f f e c t "  and i s  sum m arized as  
f o l l o w s :
1 . The t o t a l i t y  o f  th e  d i s t r i b u t i v e  e f f o r t  o f  a  m a rk e tin g  f i r m ,  
a s  r e f l e c t e d  by th e  num ber, s i z e  d i s t r i b u t i o n ,  and g e o g ra p h ic  p o s i t i o n ­
in g  o f  i t s  o u t l e t s ,  conveys a  c l e a r  c o n c e p tio n  o f  th e  " t o t a l  p r o p o s i t io n
t h a t  i s  b e in g  m a rk e te d , and p ro d u ces  p ro m o tio n a l econom ies" w hich  a r e
. 4r e f l e c t e d  on th e  d i s t r i b u t i o n  n e tw o rk 's  a g g re g a te  p e rfo rm an c e .
2 . As th e  number o f  th e  f i r m 's  r e t a i l  o u t l e t s  lo c a te d  in  a  g iv e n  
m arke t a r e a  i n c r e a s e s ,  th e  a c c e s s i b i l i t y  o f  i t s  d i s t r i b u t i o n  n e tw o rk  
in c r e a s e s .  The r e s u l t s  a r e  in c re a s e d  co n v en ien ce  f o r  co n su m ers , an d , 
c o n s e q u e n tly , in c re a s e d  p a tro n a g e  l e v e l s  p e r  company o u t l e t .
^W illiam  S. Penn , J r .  and J .  Edwin S a u n d e rs , "C om m ercial Bank 
T rad in g  A re a s ,"  San J o s e  S tu d ie s  (November, 1 9 7 7 ), PP. 91 -1 0 5 .
^ B e rt C. McCammon e t . a l . ,  "Em erging P a t t e r n s  o f  D i s t r i b u t io n "  P. 216.
6
3 . As th e  number o f  b ran d ed  r e t a i l  o u t l e t s  i n  a  m ark e t a re a  
i n c r e a s e s ,  b ran d  r e p r e s e n ta t i o n  in c r e a s e s ,  and consum ers w i l l  te n d  to  
n o t i c e  th e  com pany 's o u t l e t s  more f r e q u e n t ly .  The r e s u l t s  a r e  in c re a s e d  
l e v e l s  o f  b ran d  f a m i l i a r i t y  among p r o s p e c t iv e  c u s to m e rs . T h is  im p lie s  
t h a t  new o u t l e t s  would have  a  h ig h e r  p r o b a b i l i t y  o f  s u c c e s s  in  m ark e ts  
w here th e  f i r m 's  b ran d  i s  w e l l  r e p r e s e n te d .^
4 . M u lt ip le  o u t l e t  l o c a t io n s  p ro v id e  management w ith  th e  u n iq u e
o p p o r tu n i ty  o f  v a ry in g  i t s  r e t a i l  o f f e r i n g s  so  a s  to  a p p e a l to  a  w id e r
* 6 ra n g e  o f  consum er g ro u p s .
T h ird , t h a t  b o th  d e c is io n s  a r e  r e l a t e d  u n d e r l i e s  th e  f a c t  t h a t  a 
d i s t r i b u t i o n  n e tw o rk 's  a g g re g a te  p e rfo rm an ce  i s  a  fu n c t io n  o f  a  m u l t i ­
p l i c i t y  o f  e f f e c t s :  i n d iv id u a l  o u t l e t s  e f f e c t s ,  o u t l e t  i n t e r a c t i o n  e f ­
f e c t s ,  and o v e r a l l  n e tw o rk  e f f e c t .  T h is  i s  c o n co m itan t w ith  th e  S -shaped  
c u rv e  r e l a t i n g  th e  f i r m 's  s h a re  o f  o u t l e t s  in  a  g iv e n  m ark e t a r e a ,  and 
i t s  s h a re  o f  th e  m ark e t found  p r e v a i l i n g  among o i l  co m p an ies .^
-’J o h n  J .  C a rd w e ll, "M ark e tin g  and Management S c ien ce-A  M arria g e  on 
th e  R o c k s? .11 C a l i f o r n ia  Management R eview , V o l. 1 0 , No. 4 (Summer, 1 9 6 8 ), 
3 -1 2 ; P h i l i p  K o t le r ,  M ark e tin g  D e c is io n  M aking: A M odel B u ild in g  Ap­
p ro a c h  (New Y ork: H o l t ,  R in e h a r t  and W in sto n , 1 9 7 1 ), PP. 9 6 -7 .
^W illiam  0 . B ea rd en , "D e te rm in an t A t t r i b u t e s  o f  S to re  P a tro n a g e : 
Downtown V s. O u tly in g  Shopping C e n te r s ,"  J o u r n a l  o f  R e t a i l i n g  (Summer, 
1 9 7 7 ), 1 5 -2 2 .
^Leon W iner, " O b ta in in g  Maximum Volume From New G a so lin e  O u t l e t s , "  
J o u r n a l  o f  M a rk e tin g , V o l. 31 ( J u ly ,  1 9 6 7 ), 5 5 -5 9 ; P h i l i p  H. H artung  and 
Jam es L. F i s h e r ,  "B rand S w itc h in g  and M a th e m a tic a l Program m ing in  M arket 
E x p a n s io n ,"  Management S c ie n c e , V o l. 1 1 , No. 10 (A ugust, 1 9 6 5 ) , B230 -  
B243; J e a n -J a c q u e s  Lam bin, "A Com puter O n-L ine M ark e tin g  Mix M odel,"  
J o u r n a l  o f  M ark e tin g  R e s e a rc h , V o l. 9 ,  No. 2 (May, 1 9 7 2 ), 119 -126 .
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2. D i s t r i b u t io n  C hannels f o r  G a s o l in e .
D uring  th e  f i r s t  d ecade  o f  th e  p r e s e n t  c e n tu r y ,  g a s o l in e  was s o ld  
by l i v e r y  s t a b l e s  and g e n e r a l  s t o r e s .  The r a p id  g row th  in  demand f o r  
g a s o l in e ,  and th e  econom ies o f  s c a le  a s s o c ia te d  w ith  d i s t r i b u t i o n  th ro u g h  
s p e c ia l i z e d  o u t l e t s ,  l e d  to  th e  em ergence o f  th e  s e r v ic e  s t a t i o n  se p a ­
r a te d  from  th e  g e n e r a l  s t o r e .  The f i r s t  s e r v ic e  s t a t i o n s ,  how ever, w ere
O
u s u a l ly  owned and o p e ra te d  by d e a l e r s .
D uring  th e  1 9 2 0 's ,  o i l  com panies in t e g r a t e d  fo rw ard  i n t o  r e t a i l i n g ,
□
m o tiv a te d  by many f a c t o r s  among w hich  a r e  th e  fo llo w in g  •.
1 . th e  b e l i e f  t h a t  company-owned and o p e ra te d  s t a t i o n s  would e n a b le
th e  company to  u se  i t s  s u p e r io r  c o n t r o l  m ach in ery  to  p u rsu e  i t s  o b je c ­
t i v e s ,
2 . th e  d e s i r e  o f  o i l  com panies to  d is p o s e  more e f f i c i e n t l y  o f  
p e tro le u m  p ro d u c ts  i n  th e  f a c e  o f  in c r e a s e d  c ru d e  s u p p l i e s ,
3 . d i s s a t i s f a c t i o n  w ith  d e a l e r s '  p e rfo rm an c e , and f i n a l l y
4 . fo rw ard  i n t e g r a t i o n  i n t o  r e t a i l i n g  o f t e n  fo llo w e d  th e  c o n s t r u c t ­
io n  o f p ip e l in e s  and i n t e g r a t i o n  i n t o  w h o le s a l in g . The s a v in g s  i n  t r a n s ­
p o r t a t i o n  c o s t s  o f te n  in c r e a s e d  th e  com pany 's s a l e s  p o t e n t i a l  i n  c e r t a i n  
m ark e t a r e a s ,  th u s  p ro v id in g  th e  b a s e s  f o r  in c re a s e d  m a rk e t s h a r e .  Under 
th e s e  c o n d i t io n s ,  c o m p a n y -c o n tro lle d  s e r v i c e  s t a t i o n s  p ro v id e d  th e  b e s t  
a v a i l a b l e  d e v ic e  to  s e c u re  m ark e t p e n e t r a t i o n .
®J. G. McLean and R. W. H a ig h , The Growth o f  I n te g r a te d  O il  Com­
p a n ie s  (B o sto n : The G rad u a te  S choo l o f  B u s in e s s ,  H arvard  U n iv e r s i ty ,
1 9 5 4 ), P . 169.
9I b i d . , PP. 2 7 0 -272 .
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The company-owned and o p e ra te d  s t a t i o n s  have  become in c r e a s in g ly  
common d u r in g  th e  p e r io d  from  1920 to  th e  m id-1930*s when th e y  began to  
g iv e  way to  f r a n c h is e d  g a s o l in e  s e r v ic e  s t a t i o n s .  S ev ere  c h a in  s t o r e s  
ta x e s  and h ig h  u n io n iz e d  la b o r  c o s ts  w ere among th e  s i g n i f i c a n t  f a c t o r s  
b eh in d  such  a  t r a n s i t i o n .
Through f r a n c h is e d  a rra n g em en ts  o i l  com panies g a in ed  more f l e x i ­
b i l i t y  and a t  th e  same tim e  r e t a in e d  t h e i r  c o n t r o l  o v e r th e  s t a t i o n s 1 
o p e r a t io n  th ro u g h  l e a s e  c o n t r a c t s  o f  one to  f i v e  y e a r s  d u r a t io n  w ith  
30-day  c a n c e l l a t i o n  c l a u s e s .  B e s id e s , company s a l e s  r e p r e s e n ta t i v e s  
o f te n  m o n ito red  th e  s t a t i o n s  to  e n su re  t h a t  d e a le r s  o p e ra te d  them in  th e  
p r e s c r ib e d  m anner. In  a d d i t io n  many com panies c o n tin u e d  to  o p e ra te  few 
s t r a t e g i c a l l y  lo c a te d  s t a t i o n s  w hich w ere th o u g h t to  h e lp  im prove s t a n ­
d a rd s  a t  o th e r  o u t l e t s .
Today m otor g a s o l in e  i s  s o ld  e i t h e r  on th e  open m ark e t to  w hole­
s a l e r s  o r  d i s t r i b u t e d  th ro u g h  company-owned and o p e ra te d  o u t l e t s ,  com­
m is s io n -o p e ra te d  o u t l e t s ,  l e s s e e  d e a l e r s ,  o r  th ro u g h  o th e r  c h an n e l a g e n ts .  
Those o u t l e t s  a r e  s u p p l ie d  e i t h e r  d i r e c t l y  by th e  o i l  company, o r  i n d i ­
r e c t l y  th ro u g h  o i l  jo b b e r s  and com m ission a g e n ts .  F ig u re  1 below  shows 
v a r io u s  a l t e r n a t i v e  c h a n n e l a rra n g em en ts  i n  g a s o l in e  d i s t r i b u t i o n .
The d e g re e  o f  c o n t r o l  e x e r c is e d  by an  o i l  company o v e r th e  o p e r­
a t i o n  o f  i t s  r e t a i l  o u t l e t s  v a r i e s  w ith  th e  ty p e  o f  ow n ersh ip  and c o n t r o l  
a rra n g em en ts  i t  h a s  w ith  th e s e  o u t l e t s .  C om pany-operated  r e t a i l  o u t l e t s  
u s u a l ly  in v o lv e  th e  h ig h e s t  d e g re e  o f  c o n t r o l  o v e r  th e  m a rk e tin g  fu n c t io n  
o f  th e  o u t l e t s .  T h is  i s  t r u e  s in c e  th e  o u t l e t s  a r e  u s u a l ly  ru n  by
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company em ployees and on a s t r a i g h t  s a l a r y  b a s i s .
In  d e la e r s h ip  a rra n g e m e n ts , th e  d e a le r  may own th e  s t a t i o n  o r  he 
may l e a s e  i t  from  th e  o i l  company o r  from  a t h i r d  p a r ty .  In  g e n e ra l  th e  














































MARKETING CHANNELS FOR GASOLINE
F ig u re  1
l a t t e r  a c e r t a i n  d e g re e  o f  c o n t r o l  o v e r  th e  d e a l e r 's  o p e r a t io n ,  a t  l e a s t  
i n  th e  s h o r t - r u n .
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At th e  w h o le sa le  l e v e l  o i l  jo b b e r s  a s  w e l l  a s  com m ission a g e n ts  a r e  
u sed  by v a r io u s  o i l  co m pan ies . An o i l  jo b b e r  i s  an  in d e p e n d e n t b u s in e s s ­
man who may own a  b u lk  p l a n t ,  ta n k s ,  t r u c k s  and o th e r  eq u ip m en ts  o r  he 
may l e a s e  th e s e  ite m s  from  th e  o i l  company. H is  p r o f i t  m arg in  depends 
on th e  d i f f e r e n c e  betw een  ta n k - c a r  and tank-w agon  p r i c e s .
An o i l  jo b b e r  may be b ran d ed  o r  u n b ran d ed . He may own o r  l e a s e  
s e r v ic e  s t a t i o n s  and o p e r a te  them w ith  h i s  own em ployees, o r  l e a s e  them 
to  d e a le r s  in  much th e  same way an o i l  company d o e s . A com m ission a g e n t ,  
i n  c o n t r a s t ,  r e c e iv e s  h i s  s to c k s  on co n sig n m en t and r e s e l l s  a t  p r e s p e c i ­
f i e d  p r i c e s .  He a l s o  may own th e  b u lk  p l a n t  o r  he may l e a s e  i t  from  th e  
o i l  company o r  from  a t h i r d  p a r ty .
3 . The R esea rch  P ro b lem .
The e lem en ts  o f  o i l  co m p an ies ' m a rk e tin g  s t r a t e g i e s  a r e  th e  r e s u l t s  
o f  c a lc u la te d  d e c is io n s  by th e s e  com panies to  g a in  c o n t r o l  o v e r th e  
f i n a l  demand o f  t h e i r  p r o d u c ts .  Such d e c i s io n s  a r e  n o t  made in d e p e n d e n t­
ly  e i t h e r  from  th e  s t r u c t u r e  o f  th e  p e tro le u m  in d u s t r y  o r  from  th e  p re ­
v a i l i n g  m ark e t c o n d i t io n s  u n d e r w hich  th e  com panies o p e r a te  and com pete.
I t  can  be i n f e r r e d  from  th e  b r i e f  a n a ly s i s  o f  m a rk e tin g  c h a n n e ls  
f o r  g a s o l in e  p re s e n te d  above t h a t  m ost o i l  com panies have  a  w ide ra n g e  o f 
a l t e r n a t i v e s  i n  th e  d e s ig n  o f  t h e i r  d i s t r i b u t i o n  sy s te m s . T h ree  m a jo r 
d e c i s io n  p rob lem s w hich  c o n f ro n t  m anagement i n  t h i s  r e g a rd  a r e  o f  m a jo r
■ ^ H a ro ld  M. F lem in g , G a so lin e  P r i c e s  and C o m p e titio n  (New York: 
A p p le to n -C e n tu ry -C ro f ts ,  1 9 6 6 ).
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concern  to  th e  p r e s e n t  r e s e a r c h .  They a r e :
1. How many r e t a i l  o u t l e t s  sh o u ld  th e  f i rm  b u i l d  i n  a  
g iv en  p e r io d  o f  tim e?
2. How sh o u ld  th o s e  o u t l e t s  be a l l o c a t e d  among i t s  
v a r io u s  m arke t a r e a s ?
3. How sh o u ld  th ey  be s p a t i a l l y  p o s i t i o n e d  w i th in  
th e  r e s p e c t i v e  m arket a re a s ?
The p r e s e n t  r e s e a r c h  p ro p o se s  t h a t  b a s i c  te c h n iq u e s  o f  s t a t i s t i c a l  
a n a l y s i s  and m a th e m a t ic a l  programming, and th e  sea so n ed  judgm ent and 
e x p e r ie n c e  o f  management, in  c o n ju n c t io n  w i th  in f o r m a t io n  commonly 
a v a i l a b l e  i n  many o i l  com panies , o r  r e a d i l y  o b t a i n a b l e  from i n d u s t r y  
a n d /o r  governm ent p u b l i s h e d  s t a t i s t i c s ,  can be u t i l i z e d  in  r e a c h in g  
d e c i s io n s  on th e  number, s i z e  d i s t r i b u t i o n ,  and l o c a t i o n s  o f  an o i l  
company’s  b ra n d e d  r e t a i l  o u t l e t s .
4. The R esearch  O b j e c t i v e s .
The o b j e c t i v e  o f  th e  p r e s e n t  r e s e a r c h  i s  f o u r f o l d :
1. To d e s ig n  a  dynamic model which can be u sed  i n  re a c h in g  
d e c i s io n s  on th e  "optimum” number, s i z e  d i s t r i b u t i o n ,  and 
l o c a t i o n  o f  a  m a rk e t in g  f i r m ’s  b ran d ed  r e t a i l  o u t l e t s .
The model w ould  l i n k  i n t e r - m a r k e t  a l l o c a t i o n  and i n t r a ­
m arke t l o c a t i o n  d e c i s io n s  i n  an e f f o r t  to  a c h ie v e  an 
"optimum d i s t r i b u t i o n  s t r a t e g y . "
2 . To p ro v id e  a  s t e p - b y - s t e p  p ro c e d u re  w hich can be  used  to  
a r r i v e  a t  such  a  s t r a t e g y .
3. To i d e n t i f y  v a r io u s  l o c a t i o n a l  f a c t o r s  r e l e v a n t  to  th e  
prob lem  o f  l o c a t i n g  b ran d ed  r e t a i l  o u t l e t s .
4 . To p r e s e n t  an i l l u s t r a t i v e  a p p l i c a t i o n  o f  th e  m o d e l 's  
b a s i c  p ro c e d u re s  to  a  h y p o t h e t i c a l  c a s e  which in v o lv e s  
a  m a jo r  g a s o l i n e  m a rk e t in g  f i r m ,  and r e q u i r e s  d e c i s io n s  
c o n c e rn in g  th e  number, s i z e ,  and l o c a t i o n s  o f  i t s  g a s o l i n e  
r e t a i l  o u t l e t s  i n  a  number o f  s e l e c t e d  m arke t a r e a s .  The 
a n a l y s i s  w i l l  be  conducted  on p u b l i s h e d  d a t a  w here a v a i l a b l e .
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The model to  be deve loped  h e r e i n  p ro v id e s  a  v a lu a b l e  t o o l  t h a t  can  
be used  t o  a s s i s t  m a rk e t in g  m anagers i n  th e  d e s ig n  and im p le m e n ta t io n  
o f  d i s t r i b u t i o n  s t r a t e g i e s .  B e s id e s ,  th e  model h a s  v a l u a b l e  d e c i s i o n ­
making im p l i c a t i o n s  i n  t h a t  i t  p ro v id e s  th e  f i r m  w i th  a  u s e f u l  c r i t e r i o n  
f o r  a l l o c a t i n g  i t s  r e t a i l  o u t l e t  b u i l d i n g  r e s o u r c e s  a c r o s s  i t s  m arke t 
a r e a s ,  and p e rm i ts  a p e r i o d i c  e v a l u a t i o n  o f  i t s  d i s t r i b u t i o n  n e tw o r k 's  
a g g re g a te  p e rfo rm an ce .
The model a l s o  h a s  th e  added f e a t u r e s  o f  b e in g  com p reh en s iv e ,  
dynamic and f l e x i b l e .  I t  i s  com prehensive  i n  t h a t  i t  i n t e g r a t e s  d e c i s io n s  
on th e  number, s i z e  and l o c a t i o n  o f  r e t a i l  f a c i l i t i e s  a s  a  sy s tem  c a p a b le  
o f  t o t a l  c o s t  and pe rfo rm an ce  m easurem ent. The model i s  dynamic i n  t h a t  
i t  p e rm i ts  th e  c o n s i d e r a t i o n  o f  s e q u e n t i a l  d e c i s i o n s  on f a c i l i t y  l o c a t i o n  
and r e l o c a t i o n  o v e r  a g iv e n  p la n n in g  h o r i z o n ,  th e re b y  i n t e g r a t i n g  th e  
te m p o ra l  and th e  s p a t i a l  a s p e c t s  o f  d i s t r i b u t i o n  s y s te m s '  d e s ig n .  F i n a l l y ,  
th e  model i s  f l e x i b l e  i n  t h a t  i t  i s  modeled on a  g e n e r a l  b a s i s  so  a s  to  
a l lo w  i t s  a p p l i c a t i o n  to  be e x ten d ed  to  s i m i l a r  r e t a i l  o p e r a t i o n  sy s te m s .
5 . The R esearch  L i m i t a t i o n s .
1 . The scope  o f th e  p r e s e n t  r e s e a r c h  i s  l i m i t e d  to  t h e  a r e a  o f  
c h a n n e ls  o f  d i s t r i b u t i o n  i n  g e n e r a l ,  and t o  th e  p rob lem  o f  d e te r m in in g  
th e  number, s i z e  and l o c a t i o n  o f  b randed  r e t a i l  o u t l e t s  i n  p a r t i c u l a r .
2 . Because o f  t h e  f a c t  t h a t  t h e  d e c i s i o n s  in v o lv e d  i n  t h e  d e s ig n  
o f  a  d i s t r i b u t i o n  ne tw o rk  a r e  n o n - r o u t in e  d e c i s i o n s  and o f t e n  r e q u i r e  
th e  s p e c i a l i z e d  s k i l l s  o f  a  sy s tem s  d e s i g n e r ,  h a rd  d a t a ,  and th e  judgm ent 
o f  e x p e r ie n c e d  m a rk e t in g  e x e c u t i v e s ,  th e  p r e s e n t  model i s  no p an ac e a  f o r
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d e r i v i n g  optimum s o l u t i o n s .  R a th e r  i t  sh o u ld  be c o n s id e re d  w i th in  th e  
g u i d e l i n e s  o f  a  " d e c i s i o n  c a l c u l u s "  a s  s e t  f o r t h  by John D. L i t t l e . ^
The m odel,  t h e r e f o r e ,  i s  a  v e h i c l e  f o r  g e n e r a t in g  a l t e r n a t i v e  d i s t r i b u t i o n  
p la n s  an d , m ost o f  a l l ,  p ro v id in g  a  g e n e r a l  framework f o r  a  b e t t e r  u n d e r­
s t a n d in g  o f  th e  c o m p le x i t i e s  in v o lv e d  i n  th e  s i t u a t i o n  b e in g  m odeled .
3. The model p ro v id e s  p a r t  o f  th e  in f o r m a t io n  needed  f o r  making 
ch an n e l  d e c i s i o n s  and i t  m u s t ,  t h e r e f o r e ,  be i n c o r p o r a t e d  i n t o  th e  
company’s management i n f o r m a t io n  sy s tem .
4. I t  i s  a n t i c i p a t e d  t h a t  p rob lem s o f  m easurem ent and d a t a  a v a i l ­
a b i l i t y  would a f f e c t  th e  perfo rm an ce  o f  th e  m odel. T h is  i s  t r u e  e sp e ­
c i a l l y  b e c a u se  o f  t h e  p r o p r i e t a r y  n a t u r e  o f  th e  d a t a  on th e  p e t ro le u m  
in d u s t r y .
6. An Overview o f  t h e  M odel, and
P la n  o f  th e  S tu d y .
The g e n e r a l  n a t u r e  o f  th e  model i s  t h a t  o f  a  f i r m  which p ro d u ces  
a n d /o r  m a rk e ts  on a  n a t i o n a l  b a s i s  a  p ro d u c t  l i n e  a n d /o r  s e r v i c e  
th ro u g h  e i t h e r  f r a n c h i s e d  o r  company-owned a n d /o r  o p e ra te d  b randed  
r e t a i l  o u t l e t s .  I t s  s t r u c t u r e  c o n s i s t s  o f  two b a s i c  l e v e l s :  t h e  l e v e l  
o f  r e t a i l  o u t l e t s  and th e  l e v e l  o f  demand p o i n t s .  The l a t t e r  a r e  i d e n t i ­
f i e d  on t h e  b a s i s  o f  a g g re g a te d  g e o g ra p h ic  u n i t s  such  a s  Census T r a c t s  
which can be  a g g re g a te d  i n t o  c i t i e s ,  c o u n t i e s ,  m e t r o p o l i t a n  a r e a s ,  s t a t e s ,  
g e o g ra p h ic  r e g io n s  and d i v i s i o n s .
•^ Jo h n  D. L i t t l e ,  "Models and M anagers: The Concept o f  a  D e c is io n  
C a l c u lu s , "  Management S c ie n c e , V o l.  16 , No. 8 ( A p r i l ,  1 9 7 0 ) ,  B466-B485.
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In  g e n e r a l ,  a m a th e m a t ic a l  model c o n s i s t s  o f  t h r e e  w e l l  d e f in e d  
e l e m e n t s a )  com ponents, b) v a r i a b l e s ,  and c )  f u n c t i o n a l  r e l a t i o n s h i p s .  
The components a r e  th e  b a s i c  o b j e c t s  o f  th e  m odel. The v a r i a b l e s  r e l a t e  
t h e  components w i th  each  o t h e r ,  and th e  f u n c t i o n a l  r e l a t i o n s h i p s  d e s c r ib e  
th e  manner i n  w hich th e  v a r i a b l e s  i n t e r a c t .
The v a r i a b l e s  a r e  e i t h e r  exogeneous o r  endogeneous. Exogeneous 
v a r i a b l e s  a r e  th e  in d e p e n d e n t  v a r i a b l e s  and a r e  assumed to  be  g iv e n  
in d e p e n d e n t ly  o f  th e  m odel. They a c t  upon th e  system  b e in g  modeled and 
a r e  u s u a l l y  c l a s s i f i e d  i n t o  c o n t r o l l a b l e  and u n c o n t r o l l a b l e  v a r i a b l e s .  
C o n t r o l l a b l e  v a r i a b l e s  a r e  th o s e  v a r i a b l e s  w hich can  be  m a n ip u la te d  by 
th e  d e c i s i o n  m aker. U n c o n t r o l l a b l e  v a r i a b l e s ,  on th e  o th e r  h and , c o n s t i ­
t u t e  th e  s y s te m ’ s en v ironm en t and a r e  g e n e r a l l y  beyond th e  c o n t r o l  o f  th e  
d e c i s i o n  m aker. F i n a l l y ,  t h e  endogeneous v a r i a b l e s  a r e  th e  dependen t 
o r  o u tp u t  v a r i a b l e s  o f  t h e  m odel. The i n t e r a c t i o n s  betw een th e  endo­
geneous and th e  exogeneous v a r i a b l e s  a r e  u s u a l l y  d e s c r ib e d  by th e  m o d e l 's  
f u n c t i o n a l  r e l a t i o n s h i p s .
a )  S p e c i f i c a t i o n  o f  th e  m o d e l 's  com ponen ts .
C o n c e p tu a l ly ,  th e  model c o n s i s t s  o f  t h r e e  i n t e r r e l a t e d  components 
o r  sy s te m s .  They a r e :  The In p u t  I n f o r m a t io n  System ( I I S ) ,  t h e  O p e ra t in g  
System (OS), and th e  O utpu t In f o rm a t io n  System (O IS).
12Thomas H. N a y lo r ,  Jo se p h  L. B a l i n t f y ,  Donald S. B u rd ick  and Kong 
Chu, Computer S im u la t io n  T echn iques  (New Y ork: John  W iley & S ons , I n c . ,  
1 9 6 8 ) ,  C h ap te r  1 .
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The I I S  a s s i g n s  v a lu e s  to  th e  m o d e l 's  in p u t  v a r i a b l e s  which i n  tu r n  
d e f i n e  th e  o p e r a t i o n a l  r e l a t i o n s h i p s  o f  th e  m odel. I t  c o n s i s t s  o f  two 
su b sy s te m s :  th e  D a ta  In p u t  Subsystem  (D IS ), and th e  D ata  P r e p a r a t i o n  
Subsystem  (DPS). The l a t t e r  su b sy s tem  a n a ly s e s  and p r e p a r e s  th e  d a t a  i n  
a form t h a t  f a c i l i t a t e s  t h e  a n a l y s i s  a t  su b se q u e n t  s t a g e s .
The second  sy s tem  i s  t h e  O p e ra t in g  System (OS). I t  c o n s i s t s  o f  
t h r e e  o p e r a t i o n a l  su b sy s tem s  i n t e g r a t e d  v i a  a  f o u r t h  sub sy s tem . The 
t h r e e  su b sy s tem s  c o r re sp o n d  to  t h e  t h r e e  s t a g e s  o f  th e  m odel, V i z . ,  th e  
number, s i z e ,  and l o c a t i o n .  The f o u r t h  o p e r a t i o n a l  subsys tem  i s  an 
i n t e g r a t i o n a l  su b sy s tem . I t  c o o r d i n a t e s  th e  a c t i v i t i e s  o f  th e  v a r io u s  
o p e r a t i o n a l  su b sy s tem s  v i a  a  s e r i e s  o f  f e e d -b a c k  lo o p s  and r e c u r s i v e  
r e l a t i o n s h i p s  so  a s  to  a c h ie v e  an  "optimum" l o c a t i o n - a l l o c a t i o n  p la n  o v e r  
a  g iv e n  p la n n in g  h o r i z o n ,  s u b j e c t  to  t h e  f i r m ' s  o b j e c t i v e s ,  l o c a t i o n a l  
f e a s i b i l i t y ,  and f i n a n c i a l  c o n s t r a i n t s .
The t h i r d ,  and f i n a l  sy s te m , i s  t h e  O utpu t In f o rm a t io n  System (O IS). 
I t  p ro d u c e s  a  d e t a i l e d  l o c a t i o n - a l l o c a t i o n  p la n  f o r  th e  f i r m ' s  r e t a i l  
o u t l e t s  i n  each  m a rk e t  a r e a ,  th e  c o s t  o f  t h e  p l a n ,  and th e  r e s u l t i n g  
s a l e s  volume o v e r  a  g iv e n  p e r io d  o f  t im e .  The model w i th  i t s  v a r i o u s  
sys tem s  i s  diagrammed i n  F ig u r e  2 be low , 
b )  P la n  o f  P r e s e n t a t i o n .
The d i s s e r t a t i o n  w i l l  be  o rg a n iz e d  around  t h e  b a s i c  components o f  
th e  m odel. The n e x t  two c h a p t e r s ,  a f t e r  th e  i n t r o d u c t i o n ,  d e a l  w i th  
t h e  g e n e r a l  a p p ro a ch  fo l lo w e d  i n  b u i l d i n g  th e  m odel t o g e t h e r  w i th  a  
l i t e r a t u r e  re v ie w  r e l a t i n g  to  t h e  v a r i o u s  r e s e a r c h  a r e a s  c o n s id e re d  by
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t h e  m odel. C h ap te r  f o u r ,  d e a l s  w i th  d a ta  a n a l y s i s  and th e  e s t a b l i s h ­
ment o f  v a r io u s  f u n c t i o n a l  r e l a t i o n s h i p s .  C h ap te r  f i v e  i n t e g r a t e s  th e  
m o d e l’s  components and r e l a t i o n s h i p s  and p r e s e n t s  an  im p le m e n ta t io n  p la n  
o f  t h e  m odel. F i n a l l y ,  c h a p te r  s i x  p r e s e n t s  a  summary and recom m endations 
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Chapter I I
An Overview o f  t h e  M o d e l 's  Components and 
B a s ic  P r o c e d u re s ,  P a r t  One
1. The In p u t  I n f o r m a t io n  System .
The I I S  p e rfo rm s  two t a s k s .  F i r s t ,  i t  exam ines and t e s t s  th e  d a ta  
i n  o rd e r  t o  d e t e c t  p o s s i b l e  i n c o n s i s t e n c i e s  i n  th e  raw in f o r m a t io n .  Such 
a t a s k  i s  a ch ie v e d  v i a  t h e  In p u t  D ata  Subysystem (ID S). Second, th e  I IS  
p r e p a r e s  th e  d a t a  w hich  a r e  to  be  in p u te d  to  th e  O p e ra t in g  System. D ata 
p r e p a r a t i o n  in c lu d e s  g ro u p in g  th e  d a ta  i n t o  v a r io u s  l e v e l s  o f  d e t a i l s  
and e s t a b l i s h i n g  c e r t a i n  r e l a t i o n s h i p s  deemed a p p r o p r i a t e  f o r  l a t t e r  
a n a l y s i s .  The l a t t e r  t a s k  i s  a c h ie v e d  v i a  th e  D ata  P r e p a r a t io n  Sub­
system  which p r o v id e s  two b a s i c  ty p e s  o f  d a ta  o u tp u t  w i th  d i f f e r e n t  
l e v e l s  o f  a g g r e g a t io n :  th e  a c r o s s  m arke t a r e a s  d a t a  o u t p u t ,  and th e  
w i t h i n  m arke t a r e a s  d a t a  o u tp u t .
a )  A cross  M arket A reas  D ata A n a l y s i s .
The a c r o s s  m a rk e t  a r e a s  d a t a  a n a l y s i s  c o n s i s t s  o f  c o n d u c t in g  
T h re sh o ld  A n a ly s i s  and th e  su b se q u e n t  c o n s t r u c t i o n  o f  an  Index  o f  
S a t u r a t i o n .  The fo rm er e s t a b l i s h e s  a  f u n c t i o n a l  r e l a t i o n s h i p  betw een 
th e  number o f  consuming u n i t s  i n  a  g iv e n  m arke t a r e a  and th e  number o f  
r e t a i l  o u t l e t s  needed  to  m eet t h e  demand o f  th o s e  u n i t s .  The l a t t e r ,  
how ever, e s t a b l i s h e s  a  r e l a t i o n s h i p  betw een th e  number o f  r e t a i l  o u t l e t s  
needed to  m eet th e  demand i n  a g iv e n  m ark e t  a r e a  and th e  number o f  o u t ­
l e t s  a l r e a d y  i n  o p e r a t i o n  i n  t h a t  a r e a .
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T h resh o ld  A n a l y s i s .
The co n ce p t  o f  t h e  " t h r e s h o l d  o f  a  f u n c t io n "  was f i r s t  in t r o d u c e d  by
th e  fo u n d e rs  o f  C e n t r a l  P la c e  T heory . Under th e  a ssu m p tio n  o f an " I s o -  
1t r o p i c "  s u r f a c e ,  th e  th r e s h o ld  o f  a  f u n c t i o n  was d e f in e d  a s  t h e  m in i­
mum d i s t a n c e  n e c e s s a r y  t o  g e n e r a t e  enough demand so  a s  t o  a l lo w  f o r  th e  
economic p r o v i s io n  o f  goods and s e r v i c e s .  In  o t h e r  w ords , th e  c o n cep t  
s e t s  a minimum s p a t i a l  demand l e v e l  a s  a  r e q u i s i t e  f o r  t h e  p r o v i s io n  o f 
a  g iv e n  f u n c t i o n . ^  A s i m i l a r  i d e a  was im p l ie d  by W ill iam  R e i l l y  i n  h i s  
a n a l y s i s  o f  s p e c i a l i z a t i o n  i n  r e t a i l  d i s t r i b u t i o n . ^  R e i l l y  found t h a t  
c e r t a i n  r e t a i l  f u n c t i o n s  d id  n o t  a p p e a r  i n  towns w i th  p o p u la t io n s  below 
a g iv e n  l e v e l  n e c e s s a r y  to  s u p p o r t  t h e i r  e x i s t e n c e .
In  g e n e r a l ,  T h re sh o ld  A n a ly s is  has  been  e x t e n s i v e l y  a p p l i e d  in  
C e n t r a l  P la c e  s t u d i e s  t o  e x p lo re  th e  r e l a t i o n s h i p s  e x i s t i n g  betw een th e  
number o f  u n i t s  p e r fo rm in g  a g iv e n  f u n c t i o n  i n  a  community and th e  com­
m u n i t y ^  p o p u la t io n  s i z e .  For exam ple, i n  an  a n a l y s i s  o f  f i f t y - t w o  d i f ­
f e r e n t  f u n c t i o n s  i n  t h i r t y - t h r e e  co m m unitie s ,  B erry  and G a r r i s o n  found 
t h a t  196 p e r s o n s  a r e  r e q u i r e d  f o r  t h e  s u p p o r t  o f  a  s e r v i c e  s t a t i o n ,  380
•^An I s o t r o p i c  S u r fa c e  i s  a  f l a t  p l a i n  i n  w hich th e  p o p u la t i o n  i s  
u n i fo rm ly  d i s t r i b u t e d .
14 „
B r ia n  J .  L. B e r ry ,  and W ill iam  G a r r i s o n ,  R ecen t Developm ents in
C e n t r a l  P la c e  T h e o ry ,"  P a p e rs  and P ro c e e d in g s  o f  t h e  R eg io n a l  S c ie n ce
A s s o c i a t i o n , V ol. 4 (1 9 5 8 ) ,  107-120.
^ W i l l i a m  J .  R e i l l y ,  Methods f o r  th e  S tudy  o f  R e t a i l  R e l a t i o n s h i p s , 
R ese a rch  Monograph No. 4 (A u s t in ,  T exas : The B ureau o f  B u s in e s s  R e s e a rc h ,  
U n i v e r s i t y  o f  T exas , 1 9 2 9 ) ,  PP. 23 -2 4 .
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1 fip e r s o n s  f o r  a  p h y s i c i a n ,  729 f o r  a  f l o r i s t  and 1214 f o r  an  u n d e r t a k e r . 0
The method h a s  a l s o  been  a p p l i e d  i n  s t u d i e s  i n v o lv in g  th e  r e t a i l
17 18com ponents o f  u rb a n  a r e a s ,  and community l o c a t i o n  d e c i s i o n s .  I n  th e
l a t t e r  i n s t a n c e ,  T h re sh o ld  A n a ly s i s  was used  a s  a  s c r e e n in g  d e v ic e  i n  th e
p r o c e s s  o f  s e l e c t i n g  a l t e r n a t i v e  r e t a i l  l o c a t i o n s .
In  th e  c o n te x t  o f  th e  p r e s e n t  r e s e a r c h ,  T h resh o ld  A n a ly s is  i s
s u g g e s te d  a s ,
1) a  method f o r  d e te r m in in g  th e  number o f  r e t a i l  o u t l e t s  
r e q u i r e d  to  p ro v id e  a d e q u a te  m ark e t  c o v e rag e  i n  a  g iv e n  m arke t a r e a ,
2) a  method f o r  d e v e lo p in g  s a t u r a t i o n  in d e x e s  f o r  v a r io u s  
m ark e t  a r e a s ,  and
3) a  s c r e e n in g  d e v ic e  f o r  t h e  s e l e c t i o n  o f  p o t e n t i a l  a r e a s  
f o r  l o c a t i n g  r e t a i l  o u t l e t s .
■ ^B rian  J .  L. B e r ry  and W ill iam  L. G a r r i s o n ,  "The F u n c t io n a l  B ases 
o f  t h e  C e n t r a l  P la c e  H ie r a r c h y ,"  Economic G eography, V o l. 34 (1 9 5 8 ) ,  
145 -154 .
• ^ J .  D. F o r b e s ,  " C e n t r a l  P la c e  Theory-An A n a l y t i c a l  Framework f o r  
R e t a i l  S t r u c t u r e , "  Land Economics (F e b ru a ry ,  1 9 7 2 ) ,  PP. 1 5 -2 2 ;  B r ia n  J .  L. 
B e r ry ,  "The R e t a i l  Component o f  th e  Urban M odel,"  The J o u r n a l  o f  th e  
Am erican I n s t i t u t e  f o r  P l a n n e r s , V o l. 31 , No. 2 (May, 196 5 ).
18M ich ae l  S. N o b le ,  Ronald F. Bush, and Jo se p h  F . H a ir ,  J r . , 
" T h re s h o ld  A n a ly s i s  and th e  Community L o c a t io n  D e c i s io n ,"  i n  Edwin M.
Rams, e d . , A n a ly s i s  and E v a lu a t io n  o f  R e t a i l  L o c a t io n s  (R e s to n ,  V i r g i n i a :  
R es to n  P u b l i s h in g  Company, I n c . ,  1 9 7 6 ) ,  PP. 100-106 ; James B arry  Mason, 
" T h re s h o ld  A n a ly s i s  a s  a  Tool i n  Economic P o t e n t i a l  S tu d i e s  and R e t a i l  
S i t e  L o c a t io n :  An I l l u s t r a t i v e  A p p l i c a t i o n , "  The S o u th e rn  J o u r n a l  o f  
B u s in e s s , V o l.  7 ,  No. 3 (A ugust,  1 9 7 2 ) ,  PP. 43 -53 .
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The T h resh o ld  M odel: F o llo w in g  M ason 's  s tu d y ,  th e  e x p o n e n t i a l  model
P = a»8**» where P i s  t h e  p o p u la t io n  s i z e ,  N i s  th e  number o f  r e t a i l  u n i t s  
( g a s o l in e  s e r v i c e  s t a t i o n s ) ,  and a  and 3 a r e  p a ra m e te r s  to  be e s t i ­
m ated , w i l l  be  used  to  e s t i m a te  th e  p o p u la t i o n  t h r e s h o ld  f u n c t i o n  f o r  
g a s o l i n e  s e r v i c e  s t a t i o n s .  The model w i l l  be f i t t e d  by th e  method o f  
l e a s t  s q u a re s  to  d a ta  from a sam ple o f  c i t i e s  h a v in g  2 ,5 0 0  o r  more 
i n h a b i t a n t s .  F o r  each  c i t y  i n  th e  sam ple , th e  number o f  g a s o l i n e  s e r v i c e  
s t a t i o n s  and p o p u la t i o n  s i z e  w i l l  be o b ta in e d  from th e  Census o f  R e t a i l  
T rade  and th e  Census o f  p o p u la t io n  r e s p e c t i v e l y .
I t  sh o u ld  be n o te d  h e r e ,  how ever, t h a t  th e  p o p u la t io n  th r e s h o ld  
v a l u e ,  P , can be o b ta in e d  from th e  above model by s e t t i n g  N e q u a l  to  
u n i t y  and s o lv in g  f o r  P ,  th e  p o p u la t i o n  s i z e .  Thus, P = a * 8 ^  i s  th e  
minimum number o f  p e r s o n s  needed to  e s t a b l i s h  a  s e r v i c e  s t a t i o n .  In  
a d d i t i o n ,  g iv e n  th e  p o p u la t io n  s i z e ,  th e  v a lu e  o f  N can  be  found by 
u s in g  th e  fo l lo w in g  lo g a r i th m  t r a n s f o r m a t i o n  o f  th e  above m odel:
N = ( I n  P -  I n  a ) / I n  3   2 .1
w here I n  d e n o te s  th e  n a t u r a l  lo g a r i th m  to  th e  b a se  e = 2 .7 1 8 2 8 .
The Index  o f  S a t u r a t i o n .
Once t h e  number o f  r e t a i l  o u t l e t s  needed  to  m eet t h e  demand i n  a 
g iv e n  m arke t a r e a  has  been  e s t i m a t e d ,  a  r e l a t i o n s h i p  betw een t h i s  
number and t h e  number o f  o u t l e t s  a l r e a d y  i n  o p e r a t i o n  i n  th e  a r e a  can  
be  e s t a b l i s h e d  i n  th e  form  o f  an  an  In d ex  o f  S a t u r a t i o n .  The in d e x
19James B arry  Mason, " T h re s h o ld  A n a l y s i s . . . "  P . 46.
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s e r v e s  a s  a s c r e e n in g  d e v ic e  o r  a  c r i t e r i o n  f o r  s e l e c t i n g  m arke t a r e a s  
f o r  p o t e n t i a l  a d d i t i o n  o r  d e l e t i o n  o f  r e t a i l  f a c i l i t i e s .  The in d e x  can 
be e x p re s s e d  a s  f o l lo w s :
Number o f  R e t a i l  U n i t s  i n  A rea i
IS ±-
2.2
Number o f  U n i ts  E s t im a te d  i n  e q . ( 2 . 1 )
Where IS^ i s  th e  in d e x  o f  s a t u r a t i o n  f o r  m arke t a r e a  " i " ,  and
> 1 ; M arket i  i s  O v e r s a tu ra te d
IS ^  < = 1; M arket i  i s  S a tu r a te d
< 1; M arket i  i s  U n sa tu ra te d
*
b )  W ith in  M arket A rea  A n a l y s i s .
The w i t h i n  m a rk e t  a r e a  a n a l y s i s  a im s a t  g ro u p in g  i n d i v i d u a l  demand 
u n i t s  i n t o  s e t s  o f  Demand G e n e ra t in g  P o i n t s ,  DGP, w hich s e r v e  a s  th e  
b a s i s  f o r  l o c a t i o n a l  a n a l y s i s .  The DGP's s e l e c t e d  f o r  i n i t i a l  a n a l y s i s  
w i l l  be  b a sed  on Census T r a c t s  w hich c o n s t i t u t e  t h e  f i r s t  l e v e l  o f  geo­
g r a p h ic  a g g r e g a t io n .  Demand S a t i s f y i n g  P o i n t s ,  DSP, on t h e  o t h e r  hand , 
a r e  a c t u a l  o u t l e t  l o c a t i o n s .  Both s e t s  o f  p o i n t s  -  th e  DGP and th e  DSP - 
a r e  i d e n t i f i e d  by th e  v a l u e s  o f  t h e i r  C a r t e s i a n  c o o r d in a t e s  a s  d e t e r ­
mined by a  f i n e  g r i d  (1" = m i le )  super im posed  o v e r  a  d e t a i l e d  map o f  th e  
m a rk e t  a r e a .  The map w i l l  show th e  s p a t i a l  s t r u c t u r e  o f  p o p u la t io n  
c l u s t e r s ,  m a jo r  r e t a i l  c e n t e r s ,  and th e  a c t u a l  l o c a t i o n s  o f  e x i s t i n g  
g a s o l i n e  r e t a i l  o u t l e t s .
In  th e  i n i t i a l  a n a l y s i s ,  t h e  DGP's a r e  a l l o c a t e d  to  th e  DSP 's on 
t h e  b a s i s  o f  minimum w e ig h ted  d i s t a n c e .  The w e ig h ts  b e in g  th e  e s t im a te d
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demand o f  i n d i v i d u a l  DGP's. The minimum d i s t a n c e  a l l o c a t i o n  p ro c e d u re  
p ro v id e s  a  c ru d e  m easure  f o r  i s o l a t i n g  u n d e r - s e r v e d  demand a r e a s  which 
a r e  th e n  i d e n t i f i e d  a s  h ig h  p o t e n t i a l  l o c a t i o n s  f o r  e s t a b l i s h i n g  new 
o u t l e t s  o r  r e l o c a t i n g  e x i s t i n g  o n e s .
To sum m arize, th e  D ata  P r e p a r a t i o n  Subsystem  f u n c t i o n s  a s  a  b i ­
l e v e l  s c a n n in g  d e v ic e  w hich  s c a n s  v a r i o u s  m ark e t  a r e a s  and i d e n t i f i e s  
p o t e n t i a l  a r e a s  f o r  f u t u r e  e x p a n s io n .  On a  low er l e v e l ,  t h e  DPS sca n s  
l o c a l  m a rk e ts  and i d e n t i f i e s  p o t e n t i a l  p o i n t s  f o r  l o c a t i n g  o r  r e l o c a t i n g  
o u t l e t s .  The o u tp u t  o f  t h e  DPS c o n s t i t u t e s  t h e  i n p u t  to  th e  m o d e l 's  
O p e ra t in g  System.
2 . The O p e ra t in g  System .
The O p e ra t in g  System , OS, c o n s t i t u t e s  th e  b a s i c  component o f  th e  
m odel. I t  has  t h e  p r im ary  f u n c t i o n  o f  d e s ig n in g  a  l o c a t i o n - a l l o c a t i o n  
p la n  u s in g  i n p u t s  from th e  In p u t  I n f o r m a t io n  System and p ro d u c in g  o u tp u t  
f o r  th e  O utpu t In f o rm a t io n  System. The OS i s  composed o f  f o u r  o p e r a t i n g  
su b sy s te m s .  They a r e :  th e  M arket R esponse F u n c t io n  G e n e ra t io n  Subsystem , 
t h e  E m p ir ic a l  C ost A n a ly s i s  Subsystem , t h e  L o c a t i o n - A l lo c a t io n  Subsystem , 
and f i n a l l y ,  th e  I n t e g r a t i o n a l  Subsystem .
The b a s i c  a c t i v i t i e s  o f  t h e  O p e ra t in g  System c e n t e r  a round  th e  
m a jo r  d e c i s i o n  p rob lem s c o n f r o n t in g  management w hich  a r e :
1 . th e  number o f  r e t a i l  o u t l e t s  t o  b e  b u i l t  i n  a  g iv e n  p e r io d  o f  
t im e ,
2 . th e  a l l o c a t i o n  o f  th o s e  o u t l e t s  among v a r io u s  m arke t a r e a s ,  and
3. th e  s p a t i a l  deploym ent o f  t h o s e  o u t l e t s  w i t h i n  th e  r e s p e c t i v e  
m arket a r e a s .
The b a s i c  components o f  th e  O p e ra t in g  System  a r e  o rg a n iz e d  around  
th e  above m a jo r  d e c i s i o n  a r e a s .  The a c t i v i t i e s  and th e  f u n c t i o n a l
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r e l a t i o n s h i p s  o f  th e  f i r s t  two su bsys tem s w i l l  be  d is c u s s e d  i n  th e  r e ­
m a in in g  p a r t  o f  th e  p r e s e n t  c h a p te r .  Those o f  th e  o t h e r  two rem a in ing  
subsys tem s w i l l  c o n s t i t u t e  th e  s u b j e c t  m a t t e r  o f  th e  f o l lo w in g  c h a p te r .
1 . The M arket R esponse  F u n c t io n  
G e n e ra t io n  S u bsys tem .
The b a s i c  t a s k  o f  t h e  MRFGS i s  to  d e te rm in e  th e  e s t im a te d  number 
o f  company r e t a i l  o u t l e t s  to  be e s t a b l i s h e d  i n  a  g iv e n  m arke t a r e a .  The 
d e c i s i o n  w h e th e r  to  a d d ,  d e l e t e ,  o r  l e a v e  unchanged th e  number o f  o u t l e t s  
i n  a  g iv e n  m a rk e t  a r e a  i s  th e n  re a ch e d  on th e  b a s i s  o f  t h i s  in fo r m a t io n .  
However, such  a  d e c i s i o n ,  l i k e  most m a rk e t in g  d e c i s i o n s ,  in v o lv e s  an 
a s s e s sm e n t  o f  th e  b e h a v io r  o f  th e  m a rk e t .
An a p p ro x im a t io n  o f  th e  b a h a v io r  o f  th e  m arke t i n  r e l a t i o n  to  th e  
number o f  r e t a i l  o u t l e t s  can  be e x p l i c i t l y  e x p re s s e d  by th e  company's 
m ark e t  re s p o n s e  f u n c t i o n .  Such an e x p r e s s io n  may be c o n s t r u c t e d  from a 
s t a t i s t i c a l  a n a l y s i s  o f  d a t a  on such  f a c t o r s  a s  s a l e s ,  number o f  o u t l e t s ,  
p r i c e ,  p ro m o t io n ,  and p r o d u c t  and s e r v i c e s  mix.
In  t h e  c o n te x t  o f  th e  p r e s e n t  r e s e a r c h ,  th e  r e l a t i v e  im p o r tan ce  o f  
t h e s e  f a c t o r s  w i l l  be d e te rm in e d  from a re v ie w  o f  t h e  e x i s t i n g  l i t e r a t u r e  
on c o m p e t i t io n  i n  th e  g a s o l i n e  r e t a i l i n g  i n d u s t r y .  In  th e  fo l lo w in g  
s e c t i o n  a  b r i e f  i n t r o d u c t i o n  to  th e  s t r u c t u r e  o f  t h e  p e t ro le u m  in d u s t r y  
w i l l  be  p r e s e n t e d  fo l lo w e d  by a  re v ie w  o f  r e l a t e d  s t u d i e s  on c o m p e t i t io n  
i n  g a s o l i n e  d i s t r i b u t i o n  and th e  r e l a t i v e  im p o r tan c e  o f  th e  v a r io u s  e l e ­
m en ts  o f  o i l  co m p an ies '  r e t a i l i n g  o f f e r s .
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a )  M ajors  and In d e p e n d e n ts .
The m a jo r  e lem en ts  o f  th e  c o m p e t i t iv e  s t r a t e g i e s  o f  t h e  o i l  
companies a r e  r e l a t e d  t o  th e  p r e v a i l i n g  m arke t c o n d i t i o n s  u n d e r  w hich 
th e  companies o p e r a t e .  In  g e n e r a l ,  th e  a c t i v i t i e s  o f  th e  p e tro le u m  
in d u s t r y  can be  c l a s s i f i e d  i n t o  f o u r  m a jo r  f u n c t i o n a l  a r e a s  w hich a r e :  
p r o d u c t io n ,  r e f i n i n g ,  t r a n s p o r t a t i o n ,  and m a rk e t in g .  When a l l  t h e s e  
f u n c t io n s  a r e  c a r r i e d  o u t  by one company, i t  i s  c a l l e d  a  f u l l y  i n t e g r a t e d  
o i l  company. F u l l y  i n t e g r a t e d  com panies a r e  u s u a l l y  l a r g e  m u l t i n a t i o n a l  
c o r p o r a t i o n s .
On th e  o t h e r  hand , when an o i l  company i s  engaged i n  o n ly  one 
p hase  o f th e  i n d u s t r y ' s  o p e r a t i o n s ,  u s u a l l y  r e f i n i n g  o r  m a rk e t in g ,  i t  i s  
c a l l e d  an in d e p en d e n t  o i l  company. In d ep en d en t com panies can  be l a r g e  o r  
sm a l l  com panies.
20The c l a s s i f i c a t i o n  o f  o i l  companies i n t o  l a r g e  i n t e g r a t e d ,  l a r g e  
in d e p e n d e n t ,  and s m a l l  in d e p e n d e n t  com panies was a d o p ted  by th e  F e d e r a l  
Energy A d m in i s t r a t io n .  By th e  FEA's s t a n d a r d s ,  a  l a r g e  i n t e g r a t e d  o i l  
company i s  one which o b t a i n s  d i r e c t l y  o r  i n d i r e c t l y  l e s s  th a n  75% o f  i t s  
p ro d u c t  in p u t  from p ro d u c e r s  who do n o t  c o n t r o l ,  a r e  n o t  c o n t r o l l e d  b y , 
and a r e  n o t  u n d e r  th e  common c o n t r o l  w i th  su ch  a  company. A l a r g e  i n d e ­
penden t o i l  company, on th e  o t h e r  h and , i s  one w hich o b t a i n s  d i r e c t l y  o r  
i n d i r e c t l y  more th a n  75% o f  i t s  p ro d u c t  in p u t  from p ro d u c e r s  who do 
n o t  c o n t r o l ,  a r e  n o t  c o n t r o l l e d  by , and a r e  n o t  u n d e r  common c o n t r o l  
w i th  such  a  company. A t th e  r e f i n i n g  p h ase  o f  th e  p e t ro le u m  i n d u s t r y ' s  
o p e r a t i o n s ,  t h e  FEA d e f in e d  a  l a r g e  in d e p e n d e n t  r e f i n e r  a s  one w i th  t o t a l  
r e f i n i n g  c a p a c i ty  g r e a t e r  th a n  175 ,000  b p d . ,  and a  s m a l l  r e f i n e r  a s  one 
whose t o t a l  r e f i n i n g  c a p a c i t y  does  n o t  exceed  175 ,000  bpd. See David J .  
T eece , " V e r t i c a l  I n t e g r a t i o n  i n  t h e  U .S . O i l  I n d u s t r y , "  i n  Edward J .  
M i t c h e l l ,  ed .  V e r t i c a l  I n t e g r a t i o n  i n  t h e  O i l  I n d u s t r y  (W ashing ton , D .C .:  
American E n t e r p r i s e  I n s t i t u t e  f o r  P u b l i c  P o l i c y  R e s e a rc h ,  1 9 7 6 ) ,  PP. 105- 
191.
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I n t e g r a t e d  o i l  com panies a r e  u s u a l l y  r e f e r r e d  to  a s  " m a jo rs ” .
21A l lv in e  and P a t t e r s o n  have h y p o th e s iz e d  t h a t  th e  s t r u c t u r a l  d i f f e r e n c e s  
betw een th e  i n t e g r a t e d  (m a jo rs )  and th e  in d e p e n d e n t  o i l  com panies have 
r e s u l t e d  i n  d i f f e r e n c e s  i n  t h e i r  m a rk e t in g  s t y l e s ;  th e  m a jo rs  have 
ad o p ted  a  n o n p r ic e  c o m p e t i t io n  s t r a t e g y ,  w h i le  th e  in d e p e n d e n ts  have 
em phasized p r i c e  a s  a  m a jo r  c o m p e t i t iv e  weapon.
b) The G a so l in e  R e t a i l  O f f e r .
The u n i t s  o f  c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  a r e  th e  i n d i v i d u a l  
g a s o l i n e  r e t a i l  o u t l e t s .  C o n se q u e n t ly ,  an  o i l  company’s c o m p e t i t iv e  
b e h a v io r  i s  m a n i f e s t e d  by i t s  a b i l i t y  t o  m a n ip u la te  th e  components o f  
i t s  o u t l e t s ’ r e t a i l i n g  o f f e r s .  Such a b i l i t y  depends m o s t ly  on th e  
d e g re e  o f  c o n t r o l  w hich  th e  o i l  company h a s  o v e r  i t s  r e t a i l  o u t l e t s .
In  g e n e r a l ,  a  g a s o l i n e  s e r v i c e  s t a t i o n ’ s  r e t a i l  o f f e r  co m p rises  
th e  t o o l s  which i t  has  a v a i l a b l e  t o  i t  t o  compete w i th  o t h e r  o u t l e t s  
f o r  consumer p a t r o n a g e .  I t  i s  made up o f  a  number o f  i d e n t i f i a b l e  and 
i n t e r r e l a t e d  com ponents such  t h a t  a  change i n  one component i s  o f t e n  
a s s o c i a t e d  w i th  chan g es  i n  o t h e r  com ponents. F o r  exam ple, h ig h e r  p r i c e s  
a t  an  o u t l e t  a r e  e x p e c te d  to  be accom panied  by more n o n p r ic e  v a r i e t y ,  
and v i c e  v e r s a .  E ig h t  d im e n s io n s  o f  a  g a s o l i n e  o u t l e t ' s  r e t a i l  o f f e r  
have  been  i d e n t i f i e d  by A l l v i n e  and P a t t e r s o n .  They a r e  shown i n  T ab le  1
21Fred  C. A l l v i n e  and James M. P a t t e r s o n ,  C o m p e t i t io n ,  L t d . :  The 
M ark e tin g  o f  G a s o l in e  (B loom ing ton . I n d i a n a :  I n d ia n a  U n i v e r s i t y  P r e s s ,  
1 9 7 2 ) ,  C h ap te r  2.
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below . Each company combines d i f f e r e n t  l e v e l s  o f  t h e s e  e le m e n ts  so as  
to  c r e a t e  a  p a r t i c u l a r  r e t a i l  o f f e r  c a p a b le  o f  a t t r a c t i n g  consumer
Table  1
Competitive Elements of an Oil 
Company's Retail Offer.
I . Products 4 Services.
1. Number o f  grades o f  gasoline and o i l .
2. T ires, B a tter ies , and accessories.
3. Car services and minor repairs.
1). Nonautomotive products and serv ices.





5. Hours o f operation.
6. S e lf-se rv ice .
I I I . Physical F a c i l i t ie s .
1. Modemess.
2. Architecture.




1. R elative frequency.
2. Size lo t .
3. Type artery and tr a f f ic  flow.U. Comer or center s tr e e t.
5. Type neighborhood.
V. Price.
1. High, medium, low, or "rock bottom."
2. Posted or nonposted.
3. Spread between grades.
VI. Methods o f  Payment.
1. Cash.
2. Checks.
3. Company cred it cards.
*). Bank cred it cards.
VII. Advertising.
1. Media.






Source: Fred C.Allvine and James M.Patterson, Competition. Ltd.:
•The Marketing o f Gasoline (Bloomington: Indiana U niversity P ress ,1972),P .10*).
p a t r o n a g e .
I t  sh o u ld  b e  n o te d  h e r e ,  how ever, t h a t  th e  components o f  a  r e t a i l
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o f f e r  d i f f e r  i n  t h e i r  d eg ree  o f  f l e x i b i l i t y .  For exam ple, l o c a t i o n  and 
p h y s ic a l  f a c i l i t i e s  (a p p e a ra n c e ,  s i z e ,  e t c . )  a r e  o f  lo n g - r u n  e f f e c t s  and 
can n o t be  changed w i th o u t  i n t e r r u p t i n g  th e  o u t l e t ’s  d a i l y  o p e r a t i o n s .  
O ther e lem en ts  o f  th e  r e t a i l  o f f e r ,  such  as p r i c e  and p ro m o tio n ,  a r e  
more f l e x i b l e  and can e a s i l y  be m a n ip u la te d .  I n  th e  fo l lo w in g  s e c t i o n s ,  
c e r t a i n  e lem en ts  o f  a g a s o l in e  o u t l e t ’s r e t a i l i n g  o f f e r  a r e  exam ined.
1. P ro d u c ts  and S e r v i c e s .
The s e l e c t i o n  and p a t ro n a g e  o f  a g a s o l i n e  r e t a i l  o u t l e t  by a group 
o f  consumers may be d e te rm in ed  on th e  b a s i s  o f  th e  o u t l e t ’s s e r v i c e  
c a p a b i l i t y .  I n  g e n e r a l ,  s e r v i c e s  can  ta k e  th e  form o f  an o i l  change , 
m inor r e p a i r s ,  e t c .  T ab le  2 below shows t h a t  i n  1972 th e  av e rag e  
s e r v i c e  s t a t i o n  has  r e c e iv e d  76.3% o f  i t s  t o t a l  rev en u es  from s a l e s  o f  
g a s o l i n e .  T i r e s ,  B a t t e r i e s  and A c c e s s o r ie s  (TBA) have  a cco u n ted  f o r  9.9% 
o f  t o t a l  s a l e s  i n c lu d in g  p a r t s  i n s t a l l e d  and m inor r e p a i r s .  I n  a d d i t i o n ,  
44% o f  th e  s t a t i o n s  r e p o r t e d  h a v in g  perfo rm ed  such  s e r v i c e s .
Although th e r e  seems to  be  a  s t r o n g  t r e n d  tow ards  s e l f - s e r v i c e
o p e r a t i o n  o f  g a s o l i n e  r e t a i l  o u t l e t s ,  f u l l - s e r v i c e  o u t l e t s  s t i l l
a cc o u n t  f o r  41.8% o f  t o t a l  r e t a i l  o u t l e t s  i n  o p e r a t i o n  d u r in g  th e  y e a r
1977. S p l i t - i s l a n d  s t a t i o n  o p e r a t i o n  a cc o u n te d  f o r  37.3% w h i le  s e l f -
s e r v i c e  o p e r a t io n s  a cco u n ted  f o r  o n ly  9.4% o f  t o t a l  g a s o l i n e  r e t a i l
22o u t l e t s  i n  o p e r a t i o n  d u r in g  th e  same y e a r .
T i e - i n  o p e r a t i o n s  such  as c a r  wash f a c i l i t i e s  and th e  a v a i l a b i l i t y  
o f  d is c o u n te d  m erchand ise  such  as  c i g a r e t t e s ,  b e e r  and o t h e r  co nven ience
^ N a t i o n a l  P e tro leu m  News, Fac tbook  I s s u e  (M id -June , 1978), P .  106.
29
i te m s  make s to p p in g  a t  th e  o u t l e t  more d e s i r a b l e  and t h e r e f o r e  r e p r e s e n t  
a n o th e r  e lem en t o f  i t s  p ro d u c t  and s e r v i c e s  m ix.
T able  2
GASOLINE SERVICE STATIONS 
MERCHANDISE LINE SALES 
UNITED STATES 1972




Total U.S. 183 385 31 1*1*0 361* 100.0
Auto Fuels and Lubricants ........... 183 385 25 668 1*82 82.3 ft
Gasoline 182 986 23 998 190 76.3
Other Automotive Fuels 21 573 939 388 3.0
Motor O ils , Greases 153 267 930 903 3.0
Auto T ires, B a tter ies , Accesories ll»5 268 3 100 251 9.9 ft
Parts In sta lled 80 0l<8 1 155 307 3.7
P a rts-re ta il 16 903 131* 591 0 . 1*
Auto T ires, B a tter ies , Acc. 122 310 1 810 353 5.8
Nonmerchandise R eceipts................. . Ill4 h22 1 397 936 l*.l* ft
Service Labor 97 1<1*0 957 858 3.0
Storage end Docking 58 995 21*9 635 0.8
Car Wash Receipts 9 073 90 275 0.3
Other Nonmerchandise 10 31*9 100 167 0.3
Cigars,C igarettes & Tobacco......... . .  1*J 378 396 592 1.3 ft
Groceries It Other Foods................. 167 766 0.5 ft
Meals & Snacks.................................... 137 2l*l 0 . 1* ft
Household Fuels fc I c e ...................... . .  5 296 121 21*1 0 . 1* ft
Packaged Alcoholic Brverages .; 2 938 1*6 061* 0.1 ft
Sporting & Recreational Equipts. ..  2 193 38 896 0.1 ft
Harware & S up p lies.......... ................. 18 570 0.1 ft
Automibiles & Trucks........................ . .  1 353 25 897 0.1 ft
Miscellaneous Merchandise............. . .  7 130 121 1*29 0 . 1* ft
** Subtotal
Source: U.S.Bureau o f  the Census, Census o f  R etail Trade 1972. Merchandise 
Line S a les . United S ta te s(Washington D.C.:Government Printing O ffice ,197^.)
2 . P r i c e .
Economic models o f  c o m p e t i t iv e  b e h a v io r  have  fo c u sed  upon p r i c e -  
q u a n t i t y  r e l a t i o n s h i p  under  d i f f e r e n t  m arke t s e t t i n g s .  F o llow ing  such  
m odels , a lm o s t  a l l  s t u d i e s  o f  c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  have  
fo c u s se d  upon p r i c e  l e v e l s  as  a  c r i t e r i o n  f o r  a s s e s s i n g  th e  c o m p e t i t iv e  
b e h a v io r  o f  a  g iv e n  g a s o l i n e  r e t a i l  o u t l e t .
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In  g e n e r a l ,  demand f o r  g a s o l i n e  i s  p r i c e  i n e l a s t i c  w i t h i n  a  c e r ­
t a i n  p r i c e  r a n g e .  However, t h e  demand f o r  g a s o l i n e  s o ld  a t  a  p a r t i c u l a r  
r e t a i l  o u t l e t  can be p r i c e  e l a s t i c  o r  o f  h ig h  p r i c e  e l a s t i c i t y .  T here ­
f o r e ,  p r i c e  i s  c o n s id e re d  an im p o r ta n t  e lem en t o f  th e  r e t a i l i n g  o f f e r  o f  
a g a s o l i n e  r e t a i l  o u t l e t .
Two o th e r  e le m e n ts  a r e  r e l a t e d  to  p r i c e .  They a r e  p r i c e  sp re a d  
and p r i c e  p o s t i n g .  P r i c e  s p re a d  d e n o te s  th e  o u t l e t ' s  d i f f e r e n c e s  between 
th e  p r i c e s  o f  i t s  v a r i o u s  g ra d e s  o f  g a s o l i n e .  P r i c e  p o s t i n g ,  on th e  
o th e r  hand , i s  th e  p ro m o tio n  o f  p r i c e  on l a r g e  s ig n s  v i s i b l e  to  m o t o r i s t s .
3. P h y s i c a l  F a c i l i t i e s .
In  th e  l a s t  few y e a r s  t h e r e  h a s  been  a  t r e n d  tow ards  th e  " su p e r  
s t a t i o n "  i n  an e f f o r t  t o  c r e a t e  a  more f a v o r a b le  e f f e c t  o f  q u a l i t y  and 
e f f i c i e n c y  i n  th e  ey es  o f  p r o s p e c t i v e  c u s to m e rs .  In  g e n e r a l ,  t h e  s i z e  
o f  an o u t l e t  i n  te rm s  o f  t h e  number o f  i s l a n d s  and pumps may be an i n d i ­
c a t i o n  o f  th e  speed  w i th  w hich consum ers e x p e c t  to  com ple te  t h e i r  g a s o l i n e  
p u rc h a s e s  and , t h e r e f o r e ,  may be a  f a c t o r  w hich i n f l u e n c e s  t h e i r  p a t r o n ­
a g e .
Theodore L e v i t t  once  n o te d  t h a t  " t h e  gas  s t a t i o n  i s  l i k e  a  t a x  
c o l l e c t o r  to  whom p e o p le  a r e  com pelled  to  pay a  p e r i o d i c  t o l l  a s  th e  
p r i c e  o f  u s in g  t h e i r  c a r s .  T h is  makes th e  gas  s t a t i o n  a  b a s i c a l l y  un­
p o p u la r  i n s t i t u t i o n .  I t  can  n e v e r  be made p o p u la r  o r  p l e a s a n t ,  o n ly  l e s s
23u n p o p u la r ,  l e s s  u n p l e a s a n t . "  Im proving  s t a t i o n  a p p ea ra n ce  i n  te rm s  o f
^ T h e o d o r e  L e v i t t ,  I n n o v a t io n  i n  M ark e tin g  (New York: McGraw-Hill 
Book Company, 1 9 6 2 ) ,  P .  63.
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c l e a n l i n e s s ,  l i g h t i n g ,  c o lo r  scheme, e t c . ,  i s  a  s t e p  tow ards  a c h ie v in g  
such  an o b j e c t i v e .
4 . L o c a t io n .
The l o c a t i o n  o f  a  g a s o l i n e  r e t a i l  o u t l e t  i s  an im p o r ta n t  e lem en t 
i n  i t s  r e t a i l  o f f e r  i n  t h a t  i t  has  an im pact on i t s  s u c c e s s .  The 
c h a r a c t e r i s t i c s  o f  th e  l o c a t i o n  i n  te rm s o f  i t s  c e n t r a l i t y ,  a c c e s s i b i l i t y  
and i n t e r c e p t i b i l i t y  r e f l e c t  i t s  a b i l i t y  to  draw co nven ience  o r i e n t e d  
cu s to m e rs .  B e s id e s ,  th e  l o c a t i o n  o f  an o u t l e t  i s  o f t e n  an im p o r ta n t  
d e te r m in a n t  o f  i t s  c o m p e t i t iv e  en v iro n m en t.
5. A d v e r t i s in g  and S a le s  P ro m o tio n .
S ince  m ost o f  th e  g a s o l i n e  s o ld  a t  th e  r e t a i l  l e v e l  i s  b randed  
g a s o l i n e ,  a g r e a t  d e a l  o f  th e  o i l  companies' p ro m o tio n a l  e f f o r t s  i s  
s p e n t  in  o r d e r  to  d ev e lo p  and s u s t a i n  some p r e f e r e n c e  f o r  t h e i r  b r a n d s .  
In  a d d i t i o n ,  s a l e s  p rom otion  i n  te rm s  o f  o f f e r s  o f  g i f t s ,  d i s c o u n te d  
m e rc h an d ise ,  games o f  c h an ce ,  and stam ps seems to  have a  f a v o r a b l e  
e f f e c t  on th e  o u t l e t s '  s a l e s  volum e, a t  l e a s t  i n  t h e  s h o r t - r u n . ^
A l lv in e  and P a t t e r s o n  c a l l e d  such  p a tro n a g e  t o o l s  a s  s tam ps and 
c r e d i t  c a r d s  " lo n g - r u n  c o n t i n u i t y  p ro m o tio n s"  s in c e  th e y  a r e  d e s ig n e d  
to  t i e  g a s o l i n e  cu s to m ers  i n t o  a  b ra n d  sy s tem . Premiums such  a s  g i f t s  
and d is c o u n te d  m e rc h a n d is e ,  on t h e  o t h e r  hand , w ere  te rm ed " s h o r t - r u n  
c o n t i n u i t y  p ro m o tio n s" .  F red  C. A l lv in e  and James P a t t e r s o n ,  C o m p e ti t io n  
L t d . ;  The M ark e tin g  o f  G a s o l in e . PP. 33-39 . S a le s  u s u a l l y  f a l l  t o  t h e i r  
p re -p ro m o tio n  l e v e l  when su ch  p ro m o tio n  campaigns a r e  t e r m in a te d  o r  
when th e y  a r e  m atched  by th e  c o m p e t i to r s  i n  th e  same m ark e t  a r e a ,  u n l e s s  
some o t h e r  means o f  p ro m o tio n  o r  s e r v i c e  can  h o ld  th e  consumer who 
sw i tc h e d  o u t  from com peting  b r a n d s .  Eugene D. J a f f e  and Jo se p h  A. 
W egrzynovicz, "Can You' S e l l  G a so l in e  With Games?,"B u s in e s s  H orizons  
(O c to b e r ,  1 9 6 9 ) ,  43 -50 .
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c) C om petit ion  i n  G aso l in e  R e t a i l i n g
and th e  G aso lin e  R e t a i l  O f f e r .
A g r e a t  d e a l  o f  v a r i a t i o n  e x i s t s  i n  th e  r e t a i l  o f f e r s  o f  v a r io u s  
g a s o l in e  r e t a i l  o u t l e t s  i n  term s o f  p ro d u c ts  and s e r v i c e s ,  p r i c e ,  and 
p rom o tio n .  A number o f  r e s e a r c h  s t u d i e s  have  a t te m p te d  to  e x p l a i n  such  
v a r i a t i o n s  i n  term s o f  " ty p e  c o m p e t i t io n "  among v a r io u s  o i l  com panies.
Type d i f f e m c e s  i n  g a s o l in e  r e t a i l i n g  a r e  b a se d  on th e  methods o f  
o p e r a t io n  and m a rk e t in g  s t y l e s  o f  v a r io u s  o i l  com pan ies . Throughout th e  
l i t e r a t u r e  on g a s o l in e  m a rk e t in g ,  such  d i f f e r e n c e s  w ere  used to  d i s ­
t i n g u i s h  two d i f f e r e n t  groups o f  g a s o l i n e  m a r k e te r s :  th e  m a jo rs  and 
th e  in d e p e n d e n ts .  Based on t h i s  d i s t i n c t i o n ,  i n t e r - t y p e  c o m p e t i t io n  can 
be d e f in e d  as  c o m p e t i t io n  be tw een  m a jo r  and in d e p e n d e n t  o i l  com panies . 
I n t r a - t y p e  c o m p e t i t io n ,  on th e  o t h e r  h and , i s  d e f in e d  as  c o m p e t i t io n  
among th e  same type  o f  g a s o l in e  m a r k e te r s ,  t h a t  i s ,  among m a jo rs  o r  
among in d e p e n d e n t s .
I n  a d d i t i o n  t o  ty p e  c o m p e t i t io n ,  c o n d i t i o n s  may e x i s t  i n  l o c a l  o r
r e g io n a l  m arket a r e a s  which cau se  r i v a l r y  among g a s o l i n e  r e t a i l  o u t l e t s
to  ta k e  a  c e r t a i n  form i n  re s p o n s e  to  t h o s e . c o n d i t i o n s . For i n s t a n c e ,
th e  number, s i z e ,  l o c a t i o n ,  s i m i l a r i t y  and mix o f  g a s o l i n e  r e t a i l  o u t l e t s
p r e s e n t  i n  a  m ark e t  a r e a  may d e te rm in e  th e  n a t u r e  o f  th e  c o m p e t i t iv e
r i v a l r y  betw een th o s e  o u t l e t s  which i n  t u r n  d e te rm in e  th e  n a t u r e  o f  t h e i r
r e t a i l i n g  o f f e r s .  When such  i s  th e  c a s e ,  s p a t i a l  c o m p e t i t io n  i s  s a i d  to
25p r e v a i l  among th e  v a r io u s  g a s o l i n e  r e t a i l  o u t l e t s  l o c a t e d  i n  t h a t  a r e a .
25J A lb e r t  L .P ag e , "The Development and T e s t in g  o f  a  M acro-M arke ting  
Model o f  th e  E f f e c t  o f  C o m p e ti t io n  i n  G a so l in e  R e t a i l  M arkets  on th e  
Degree o f  Consumer C h o ic e ,"  (Ph.D . D i s s e r t a t i o n ,  N o r th w e s te rn  U n i v e r s i t y ,  
1974), PP. 96 -105 .
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To sum m arize, c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  may ta k e  t h r e e  
fo rm s: c o m p e t i t io n  among d i f f e r e n t  ty p e s  o f  g a s o l i n e  m a rk e te r s  ( i n t e r ­
ty p e  c o m p e t i t i o n ) , c o m p e t i t io n  among g a s o l i n e  m a rk e te r s  o f  th e  same ty p e  
( i n t r a - t y p e  c o m p e t i t i o n ) ,  and f i n a l l y ,  c o m p e t i t io n  among g a s o l i n e  mar­
k e t e r s  fa c e d  w i th  a s p e c i f i c  s e t  o f  m arke t c o n d i t io n s  p r e v a i l i n g  i n  a 
g iv e n  m ark e t  a r e a  ( s p a t i a l  c o m p e t i t i o n ) .
In  th e  f o l lo w in g  s e c t i o n ,  a  number o f  r e s e a r c h  s t u d i e s  i n  g a s o l i n e  
r e t a i l  c o m p e t i t io n  w i l l  be rev iew ed  i n  an e f f o r t  to  d e te rm in e  th e  r e l a ­
t i v e  im p o r tan c e  o f  t h e  v a r i o u s  e lem en ts  o f  a  com pany 's  r e t a i l i n g  o f f e r  
i n  r e l a t i o n  to  c o m p e t i t iv e  c o n d i t i o n s .
1 . Cassady and J o n e s ' S tu d y . ^
Cassady and Jo n e s  s t u d i e d  th e  Los A ngeles  r e t a i l  m arke t f o r  g aso ­
l i n e  o v e r  a  p e r io d  o f  tw o -a n d -o n e -h a l f  y e a r s ,  d u r in g  w h ich , th e  a u th o r s  
examined th e  r e t a i l  o f f e r i n g s  o f  v a r i o u s  o i l  com panies i n  an e f f o r t  to  
i s o l a t e  c e r t a i n  p a t t e r n s  o f  t h e i r  c o m p e t i tv e  b e h a v io r .  Three such  p a t ­
t e r n s  were i d e n t i f i e d :  t h e  c o n s e r v a t i v e ,  th e  a g g r e s s i v e ,  and th e  d e fe n ­
s i v e  c o m p e t i to r s .
The c o n s e r v a t i v e  m a rk e te r s  fo l lo w e d  a  n o n p r ic e  c o m p e t i t iv e  s t r a t e g y  
i n  t h a t  th e y  a v o id ed  u s in g  p r i c e  a s  a c o m p e t i t iv e  e lem en t t o  g e n e r a t e  
s a l e s  vo lum es. A s s o c ia te d  w i th  su ch  a  p a t t e r n  o f  c o m p e t i t iv e  b e h a v io r  
were  th e  m ajo r o i l  com panies and t h e i r  s u b s i d i a r i e s ,  w h ich , a t  t h e  tim e
26 Ralph Cassady and W ylie J o n e s ,  The N a tu re  o f  C o m p e ti t io n  i n  
G a so l in e  D i s t r i b u t i o n  a t  th e  R e t a i l  L e v e l  (B e rk e ly ,  C a l i f o r n i a :
U n i v e r s i t y  o f  C a l i f o r n i a  P r e s s ,  1 9 5 1 ) ,  c h a p te r s  8 ,  9 and 10.
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o f  t h e  s tu d y ,  a c c o u n te d  f o r  a p p ro x im a te ly  75% o f  th e  t o t a l  r e t a i l  o u t l e t s  
o p e r a t i n g  i n  t h e  Los A ngeles  m arke t a r e a .
The a g g r e s s iv e  c o m p e t i to r s  w ere  th o s e  o u t l e t s  u s in g  p r i c e  a s  th e  
main c o m p e t i t iv e  e lem en t i n  t h e i r  r e t a i l i n g  o f f e r .  The o u t l e t s  i n  t h i s  
c a te g o r y  w ere  a s s o c i a t e d  w i th  th e  l a r g e  in d e p e n d e n t  g a s o l i n e  m a rk e te r s  
and a cc o u n te d  f o r  10-15% o f  t h e  t o t a l  r e t a i l  o u t l e t s  o p e r a t i n g  i n  th e  
a r e a .
The t h i r d  p a t t e r n  o f  c o m p e t i t iv e  b e h a v io r  was a s s o c i a t e d  w i th  a 
group o f  d e f e n s iv e  p r i c e  c o m p e t i to r s  made up o f  sm a l l  in d e p e n d e n t  s e r v i c e  
s t a t i o n s .  The s t a t i o n s  i n  t h i s  group were w i l l i n g  to  u s e  p r i c e  d e f e n s iv e ­
l y  and o n ly  i n  r e s p o n s e  to  o t h e r  c o m p e t i to r s  whose b e h a v io r  t h r e a t e n e d  
to  re d u c e  t h e i r  volum e.
Based on th e  above c l a s s i f i c a t i o n  , C assady and Jo n e s  found th e
i n t e n s i t y  o f  p r i c e  c o m p e t i t io n  p r e v a i l i n g  i n  a  g iv e n  m ark e t  a r e a  to  be
r e l a t e d  to  t h e  "number and ty p e  o f  s u p p l i e r s  and r e t a i l  o u t l e t s  o p e r a t i n g
i n  th e  m a r k e t " . I n  a d d i t i o n ,  t h e  a u th o r s  found t h a t  p r i c e  l e v e l s  were
r e l a t e d  to  th e  l e v e l s  o f  th e  o t h e r  e le m e n ts  i n  t h e  o u t l e t ' s  r e t a i l  o f f e r
su ch  a s  t h e  q u a l i t y  and number o f  s e r v i c e s  o f f e r e d ,  t h e  c e n t r a l i t y  o f  th e
28o u t l e t ' s  l o c a t i o n ,  and th e  g e n e r a l  c o n d i t i o n s  o f  i t s  p h y s i c a l  f a c i l i t i e s .
27i b i d . ,  P . 44. 
28I b i d . , P. 66.
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2. C lo v e r ’ s S tu d y . ^
In  h i s  s tu d y  o f  t h e  e f f e c t  o f  unbranded g a s o l i n e  on p r i c e  l e v e l s ,  
C lover c o l l e c t e d  d a ta  on p r i c e  and s t a t i o n  c h a r a c t e r i s t i c s  from fo u r  
c i t i e s  i n  N orthw est Texas i n  an  e f f o r t  t o  t e s t  t h e  h y p o th e s i s  t h a t  in d e ­
p en d en t o u t l e t s  s e l l i n g  unbranded  g a s o l i n e  e x e r c i s e  a  downward p r e s s u r e  
on g a s o l i n e  p r i c e s .  I f  t h i s  i s  t r u e ,  th e n  " t h e  a v e rag e  p r i c e s  p e r  g a l lo n
would be lo w e s t  i n  c i t i e s  w i th  th e  g r e a t e r  p e rc e n ta g e  o f  s t a t i o n s  c l a s s i -
"30f i e d  a s  in d e p e n d e n ts .
Upon a n a ly z in g  h i s  d a t a ,  C lo v e r  conc luded  t h a t  th e  p re s e n c e  o f  a  
h ig h e r  p e r c e n ta g e  o f  in d e p e n d e n t  s t a t i o n s  i n  a  m arke t a r e a  does n o t  seem 
to  be a s s o c i a t e d  w i th  low er l e v e l s  o f  g a s o l i n e  p r i c e s  and , t h e r e f o r e ,  
th e  h y p o th e s i s  was n o t  a c c e p te d .
313. L iv in g s to n  and L e v i t t ' s  S tu d y .
L iv in g s to n  and L e v i t t  co n d u c ted  a c r o s s - s e c t i o n a l  s tu d y  o f  compe­
t i t i o n  i n  s i x  m id w es te rn  c i t i e s  o f  v a ry in g  s i z e s .  The a u th o r s  c o l l e c t e d  
p r i c e  d a ta  from each  g a s o l i n e  r e t a i l  o u t l e t  i n  each  c i t y .  In  a d d i t i o n ,  
c e r t a i n  i n f o r m a t io n  r e g a r d in g  o u t l e t s  c h a r a c t e r i s t i c s  such  a s  ty p e  o f  
ne ighborhood  and t r a f f i c  d e n s i t y  were a l s o  o b ta in e d .
29Vernon T. C lo v e r ,  " P r i c e  I n f lu e n c e  o f  Unbranded G a s o l in e ,"  
J o u r n a l  o f  M a r k e t in g , Vol-. 17 ( A p r i l ,  1 9 5 3 ) ,  388-93 .
30I b i d . , P. 389.
3^S. M. L i v in g s to n  and Theodore  L e v i t t ,  "C o m p e ti t io n  and G a s o l in e  
P r i c e s »" The Review o f  Economics and S t a t i s t i c s , V o l.  41 (May, 1 9 5 9 ) ,  
119-32 .
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For th e  p u rp o se s  o f  t h e i r  a n a l y s i s ,  L iv in g s to n  and L e v i t t  d iv id e d
th e  s e r v i c e  s t a t i o n  p o p u la t io n  i n t o  two g ro u p s  b a se d  on t h e i r  r e s p e c t i v e
b ra n d s .  The f i r s t  g ro u p ,  Group I ,  was com prised  o f  th e  r e t a i l  o u t l e t s
s e l l i n g  " l a r g e - r e f i n e r  b ra n d s "  which a r e  u s u a l l y  a d v e r t i s e d  on n a t i o n a l
o r  r e g i o n a l  l e v e l s .  The second  g ro u p , Group I I ,  in c lu d e d  th o s e  o u t l e t s
c a r r y in g  " n o n - r e f i n e r  b ra n d s "  which were s o l d  on a  lo w er  p r i c e  b a s i s
32r a t h e r  th an  on th e  b a s i s  o f  " e l e b o r a t e  b ra n d  p ro m o tio n " .
The d a t a  on g a s o l i n e  p r i c e s  c o l l e c t e d  from i n d i v i d u a l  o u t l e t s  
showed t h a t  v a r i a t i o n s  i n  g a s o l i n e  r e t a i l  p r i c e s  do e x i s t  among b o th  
g roups  o f  s t a t i o n s .  "Even among Group I  o u t l e t s  t h e r e  was c o n s id e r a b le  
d i s p e r s i o n  o f  p o s te d  p r i c e s . " 33
To f in d  o u t  why r e t a i l  p r i c e s  d i f f e r e d  among v a r io u s  g roups  a s  w e l l  
a s  w i t h i n  t h e  same group  o f  o u t l e t s ,  t h e  a u th o r s  p ro ceed ed  by r e l a t i n g  
th e  p r i c e  v a r i a b l e  to  o t h e r  f a c t o r s  w hich th e y  th o u g h t  m igh t have  an 
e f f e c t  upon th e  o u t l e t s '  c o m p e t i t iv e  b a h a v io r .  Four f a c t o r s  were con­
s i d e r e d .  They a r e :
a )  t h e  p r o d u c t s  and s e r v i c e s  mix o f  th e  r e s p e c t i v e  o u t l e t s ,
b) t r a f f i c  d e n s i t y ,
c) o u t l e t  a p p e a ra n c e ,  and
d) th e  c e n t r a l i t y  o f  t h e  o u t l e t ' s  l o c a t i o n .
The r e s u l t s  o f  th e  a n a l y s i s  showed t h a t  lo w er  p r i c e s  w ere  a s s o c i a t e d  
w ith  c o m p e t i t iv e  d i s a d v a n ta g e s  on t h e  p a r t  o f  t h e  in v o lv e d  o u t l e t s .  Thus,
32I b i d . , P .  119. 
33I b i d .
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t h e  a u th o r s  n o te d  " t h e s e  l e s s  a t t r a c t i v e  s t a t i o n s ,  th o s e  lo c a t e d  on low 
t r a f f i c  s t r e e t s ,  and th o s e  i n  l e s s  d e n se ly  p o p u la te d  a r e a s  tended  to
*3 /
shade  p r i c e s  more f r e q u e n t l y " .
4 . C h u r c h i l l , F o r d , and O zan n e 's  S tu d y . 33
C h u r c h i l l ,  Ford and Ozanne have  i n v e s t i g a t e d  th e  r e l a t i o n s h i p  
betw een a  g a s o l i n e  s t a t i o n ’ s  p r i c i n g  b e h a v io r  and a  number o f  i t s  i d e n t ­
i f y i n g  c h a r a c t e r i s t i c s  such  a s  b ra n d ,  l o c a t i o n ,  f a c i l i t y  c o n d i t io n s  and 
th e  o u t l e t ' s  p r o p e n s i t y  to  u se  s tam p s . The a u th o r s  used  d a ta  on r e g u l a r  
g a s o l i n e  p r i c e s  c o l l e c t e d  o v e r  a  p e r io d  o f  86 c o n s e c u t iv e  weeks from 
a t o t a l  o f  434 s e r v i c e  s t a t i o n s  s e r v in g  a m e t r o p o l i t a n  a r e a  in  th e  
P a c i f i c  N orthw est w i th  a  p o p u la t io n  o f  250 ,000 p e o p le .  The o b j e c t i v e s  
o f  t h e i r  s tu d y  were t o  e x p la i n  and p r e d i c t  th e  r e t a i l  g a s o l i n e  p r i c i n g  
b e h a v io r  o f  i n d i v i d u a l  o u t l e t s .
In  o r d e r  t o  a c h ie v e  su ch  o b j e c t i v e s ,  th e  a u th o r s  developed  an 
Index  o f  P r i c e  A g g re s s iv e n e s s  (IP A ). The in d ex  was c o n s t r u c te d  f o r  each  
i n d i v i d u a l  s t a t i o n  by com paring  t h e  o u t l e t ' s  p r i c e  a t  a  g iv e n  day w i th  
th e  a p p r o p r i a t e  p r i c e  mode f o r  t h a t  day . P r i c e  d e v i a t i o n s  were re c o rd e d  
and summed, and a s t a n d a r d  s c o r e  was computed f o r  th e  s t a t i o n  by d iv id in g  
th e  sum o f  i t s  p r i c e  d e v i a t i o n s  by th e  number o f  p e r io d s  th e  s t a t i o n
34I b i d . , P . 124.
33G i l b e r t  A. C h u r c h i l l ,  N e i l  M. F o rd ,  and Urban B. Ozanne, "An 
A n a ly s is  o f  P r i c e  A g g re s s iv e n e s s  i n  G a so l in e  M a r k e t in g ,"  J o u r n a l  o f  
M ark e t in g  R e s e a r c h , V o l.  7 (F e b ru a ry ,  197 0 ) ,  3 6 -4 2 ;  "The T rad in g  Stamps- 
P r i c e  R e l a t i o n s h i p , "  J o u r n a l  o f  M ark e t in g  R e s e a r c h , V ol. 8 (F eb ru a ry ,  
1 9 7 1 ) ,  103-106 .
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was in  o p e r a t i o n .  N ext, " th e  s t a n d a r d iz e d  s c o r e s  w ere  a r ra n g e d  from th e  
most n e g a t i v e  to  th e  m ost p o s i t i v e ,  and s t a t i o n s  w ere a s s ig n e d  to  p r i c e  
a g g r e s s iv e n e s s  c l a s s e s  on th e  b a s i s  o f  t h e i r  s c o r e s .  The 30% w i th  th e  
most n e g a t iv e  s c o r e s  made up th e  p r i c e  a g g r e s s iv e  c l a s s ,  t h e  30% w i th
th e  most p o s i t i v e  s c o r e s  formed th e  p r i c e  n o n -a g g re s s iv e  c l a s s ,  and th e
3 6m idd le  40% o f  t h e  s t a t i o n s  c o n s t i t u t e d  t h e  n e u t r a l  p r i c e r s " .
Based- on a l i t e r a t u r e  re v ie w ,  th e  a u th o r s  i d e n t i f i e d  fo u r  f a c t o r s  
t h a t  had been su g g e s te d  a s  d e te r m in a n ts  o f  g a s o l i n e  r e t a i l  o u t l e t ' s  
p r i c i n g  b e h a v io r  nam ely , b ra n d ,  l o c a t i o n ,  f a c i l i t y  c o n d i t i o n s  and p ro ­
p e n s i t y  to  u se  t r a d i n g  s tam p s. Four h y p o th e se s  were th e n  t e s t e d  i n  t h i s  
r e g a r d ,  and th e  a u th o r s  found s i g n i f i c a n t  s t a t i s t i c a l  a s s o c i a t i o n  betw een 
each  o f  th e  f i r s t  t h r e e  f a c t o r s  and p r i c e  a g g r e s s iv e n e s s .  The r e s u l t s  
o f  t h e i r  a n a ly s e s  a r e  summarized below.
1 . B rand. The r e s u l t s  o f  t h e  a n a l y s i s  showed t h a t  a )  s t a t i o n s  
c a r r y in g  non -m ajo r  b ra n d s  o f  g a s o l i n e  were more p r i c e  a g g r e s s iv e  th a n  
s t a t i o n s  c a r r y in g  m a jo r  b r a n d s ,  and b) among th e  m a jo rs  and n o n -m a jo rs ,  
s t a t i o n s  o f  c e r t a i n  b ra n d s  were more p r i c e  a g g r e s s iv e  th a n  o t h e r s .
2 . L o c a t io n .  S t a t i o n s  i n  th e  m e t r o p o l i t a n  a r e a  were c l a s s i f i e d  
i n t o  sev en  m ajo r  l o c a t i o n  c a t e g o r i e s ,  V i z . ,  CBD, s t r e e t s  t h a t  l e a d  i n t o  
th e  CBD, m a jo r  a r t e r i a l ,  seco n d a ry  a r t e r i a l ,  shopp ing  c e n t e r s ,  su b u rb a n ,  
and r u r a l  a r e a  l o c a t i o n s .  The n u l l  h y p o th e s i s  o f  independence  betw een 
p r i c e  a g g r e s s iv e n e s s  and l o c a t i o n  was r e j e c t e d  a t  th e  .0 1  l e v e l  o f
36I b i d . , P . 37.
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s i g n i f i c a n c e ,  th u s  i n d i c a t i n g  t h a t  a c e r t a i n  r e l a t i o n s h i p  e x i s t s  between 
a  s t a t i o n ' s  l o c a t i o n  and i t s  p r i c i n g  b e h a v io r .
3. F a c i l i t y  C o n d i t io n s .  Based on t h e i r  g e n e r a l  c o n d i t i o n s ,  
s t a t i o n s  were c l a s s i f i e d  i n t o  t h r e e  c a t e g o r i e s :  s u b s ta n d a r d ,  s t a n d a r d ,  
and modern. The c l a s s i f i c a t i o n  was made by p e r s o n a l  o b s e r v a t io n  and on 
th e  b a s i s  o f  a  c o n s i s t e n t  s e t  o f  c r i t e r i a .  The a n a l y s i s  showed t h a t  sub­
s t a n d a r d  s t a t i o n s  w ere  more p r i c e  a g g r e s s iv e  th a n  s ta n d a r d  and modern 
s t a t i o n s .
4 . P r o p e n s i ty  t o  Use Stamps. The a u th o r s  found l i t t l e  s u p p o r t
to  th e  h y p o th e s i s  t h a t  th e  u se  o f  t r a d i n g  stam ps i n c r e a s e s  p r i c e s  a t  th e  
o u t l e t .  A com parison  o f  p r i c i n g  b e h a v io r  o f  i n d i v i d u a l  s t a t i o n s  s u g g e s t ­
ed t h a t  a  s t a t i o n  was j u s t  a s  l i k e l y  to  p r i c e  l e s s  a g g r e s s i v e l y  when n o t
37g iv in g  stam ps a s  when g iv in g  them.
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In  a l a t t e r  s t u d y ,  C h u r c h i l l ,  F o rd ,  and OzanneJO examined th e  r e ­
l a t i o n s h i p s  e x i s t i n g  be tw en  v a r i o u s  p r i c e  l e v e l s  and t h r e e  e lem en ts  o f  
an o u t l e t ' s  r e t a i l i n g  mix nam ely , p r i c e  p o s t i n g ,  t r a d i n g  s tam p s ,  and 
s t a t i o n  c l o s i n g .
By u s in g  a n a l y s i s  o f  v a r i a n c e  and C h i- s q u a re  t e s t i n g  p ro c e d u r e s ,  
t h e  a u th o r s  found t h a t  p o s t i n g  o f  p r i c e s  on s t r e e t  s i g n s  was s t r o n g l y  
a s s o c i a t e d  w i th  c u t s  i n  r e g u l a r  g ra d e  g a s o l i n e  p r i c e s ,  and t h a t  t e s t s
37I b i d . , P. 106.
3® G ilb e r t  A. C h u r c h i l l ,  N e i l  M. F o rd ,  and Urban B. Ozanne, "The 
Im pact o f  P r i c e  F l u c t u a t i o n s  on T hree  E lem en ts  o f  G a so l in e  R e t a i l i n g , "  
J o u r n a l  o f  R e t a i l i n g , V o l.  47 (S p r in g ,  1 9 7 1 ) ,  3 6 -4 9 .
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o f  th e  r e l a t i o n s h i p  betw een  t r a d i n g  stam ps and p r i c e  l e v e l s  su p p o r te d
39p re v io u s  c o n c lu s io n s  d i s c u s s e d  above. O u t l e t  c l o s i n g ,  how ever, was 
n o t  found to  be a s s o c i a t e d  w i th  p r i c e  ch anges .
5. A lb e r t  P a g e 's  S tu d y . ^
In  a  s tu d y  o f  t h e  e f f e c t  o f  c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  on 
th e  d e g re e  o f  r e t a i l  c h o ic e  a v a i l a b l e  t o  consum ers , A. L. Page t e s t e d  
th e  s i g n i f i c a n c e  o f  t h r e e  b a s i c  f a c t o r s  o r  " s t r u c t u r a l  m a rk e t in g  
c h a r a c t e r i s t i c s "  i n  e x p la i n in g  th e  d i f f e r e n c e s  i n  th e  r e t a i l  o f f e r s  o f  
d i f f e r e n t  g roups  o f  com peting  r e t a i l  o u t l e t s .  The f a c t o r s  w ere: o u t l e t  
ty p e ,  b ran d  c a r r i e d  by th e  o u t l e t ,  and th e  o u t l e t ' s  s p a t i a l  s i t u a t i o n .
Page c o l l e c t e d  d a t a  on p r i c e ,  o u t l e t  c h a r a c t e r i s t i c s ,  b ra n d ,  lo c a ­
t i o n  and o t h e r  e le m e n ts  o f  s e r v i c e  s t a t i o n s '  r e t a i l i n g  o f f e r s  from a 
sam ple o f  s t a t i o n s  l o c a t e d  i n  t h r e e  m ark e t  a r e a s :  W ash ing ton , D. C . ;
S t .  L o u is ,  M is s o u r i ;  and I n d i a n a p o l i s ,  I n d ia n a .
The u n d e r ly in g  h y p o th e s i s  .of t h e  s tu d y  was t h a t  an  o u t l e t ' s  r e t a i l  
o f f e r  i s  a  f u n c t i o n  o f  i t s  c o m p e t i t iv e  c o n d i t i o n s  w hich i n  t u r n  d e te rm in e  
i t s  c o m p e t i t iv e  b e h a v io r  a s  m a n i f e s t e d  by th e  l e v e l  and v a r i e t y  o f  i t s  
r e t a i l  o f f e r .  The o u t l e t ' s  c o m p e t i t iv e  c o n d i t i o n s  w ere  i t s  ty p e ,  b ra n d ,  
and l o c a t i o n .
39I b i d . , PP. 4 1 -4 3 .
40I b i d . , PP. 4 7 -4 9 .
41A lb e r t  Leon P ag e ,  "The Development and T e s t i n g  o f  a  M acro- 
M ark e tin g  M o d e l . . . . "
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T hree  forms o f  g a s o l i n e  r e t a i l  c o m p e t i t io n  were th e n  c o n s id e re d .
They a r e :  I n t e r - t y p e ,  I n t r a - t y p e ,  and S p a t i a l  c o m p e t i t io n .  Each o f
th e  t h r e e  form s was found to  be s i g n i f i c a n t l y  a s s o c i a t e d  w i th  d i f f e r e n c e s
i n  th e  l e v e l  and v a r i e t y  o f  th e  o u t l e t ' s  r e t a i l  o f f e r .  The t h r e e  form s
were th e n  combined i n  a  m odeling  a p p ro ach  so a s  to  t e s t  t h e i r  a b i l i t y  to
e x p la i n  th e  v a r i a t i o n s  p r e s e n t  i n  th e  d a t a .  The model used  can be p u t
in  th e  fo l lo w in g  g e n e r a l  f u n c t i o n a l  r e l a t i o n s h i p  :
RO = f( T, B, SS ) ,  where
RO = th e  o u t l e t ' s  r e t a i l i n g  o f f e r ,  
f (•) = some f u n c t i o n a l  r e l a t i o n s h i p ,
T = ty p e  o f  s t a t i o n  o p e r a t i o n ,
B = b ra n d ,  and
SS = s p a t i a l  s i t u a t i o n  ( l o c a t i o n a l  c o n d i t i o n s ) .
The v a r i a b l e s  T, B, and SS e x p la in e d  o n ly  39.65% o f  t h e  t o t a l  
v a r i a t i o n  p r e s e n t  i n  t h e  d a t a .  S e p a ra te  t e s t s ,  how ever, showed t h a t  th e  
i n t e r t y p e  c o m p e t i t io n  component o f  th e  model c o n t r i b u t e d  o v e r  60% o f  i t s  
o v e r a l l  e x p la n a to r y  power w i th  r e s p e c t  t o  p r i c e  and s e r v i c e  v a r i a b l e s .  
I n t r a - t y p e  c o m p e t i t io n ,  on th e  o t h e r  hand , c o n t r i b u t e d  a b o u t  37% o f  th e  
v a r i a t i o n  i n  th e  d a t a .  The s m a l l e s t  c o n t r i b u t i o n  came from th e  s p a t i a l  
c o m p e t i t io n  component o f  t h e  m odel. Only 3% o f  th e  v a r i a n c e  was e x p l a i n ­
ed by th e  o u t l e t ' s  s p a t i a l  s i t u a t i o n .
d) Summary and C o n c lu s io n  o f  
L i t e r a t u r e  Review .
The above l i t e r a t u r e  re v ie w  on c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  
r e v e a l s  t h a t  i n t e r - t y p e  c o m p e t i t io n  i s  an  im p o r ta n t  d e te r m in a n t  o f  t h e  
l e v e l  and v a r i e t y  o f  o i l  co m p an ies '  g a s o l i n e  r e t a i l i n g  o f f e r s .  In  
a d d i t i o n ,  th e  s t u d i e s  showed t h a t  o i l  com pan ies ,  m a jo rs  a s  w e l l  a s
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in d e p e n d e n ts ,  a d j u s t  th e  l e v e l  o f  t h e i r  r e t a i l  o f f e r  to  f i t  t h e  p r e ­
v a i l i n g  m arke t c o n d i t i o n s .  T h is  im p l ie s  t h a t  even th o s e  com panies s t r e s s ­
in g  p r i c e  a s  a  m a jo r  c o m p e t i t iv e  weapon may n o t  have th e  lo w e s t  p r i c e s  i n  
a r e a s  where th e y  have  a c h ie v e d  c e r t a i n  a d v a n ta g e s .  T h e r e f o r e ,  i t  can  be 
s a f e l y  assumed t h a t  t h e  number and mix o f  r e t a i l  o u t l e t s  p r e s e n t  i n  a 
m arke t a r e a  have  an  e f f e c t  on th e  c o n t r o l l a b l e  e lem en ts  o f  t h e  g a s o l i n e  
r e t a i l i n g  o f f e r  o f  an  o i l  company, e s p e c i a l l y  p r i c e  and p rom otion  e l e -  * 
m e n ts ,  and may c o n s e q u e n t ly  a f f e c t  i t s  o v e r a l l  pe rfo rm an ce  i n  t h a t  
m a rk e t .
One way to  a cc o u n t  f o r  such  an  e f f e c t  i s  to  e x p l i c i t l y  i n c lu d e  th e  
a r e a ' s  mix o f  o u t l e t s  a s  an in d e p e n d e n t  v a r i a b l e  i n  th e  com pany 's  
m ark e t  r e s p o n se  f u n c t i o n . ^
e) M arket Response M easurem ent.
The m a rk e t 's  r e s p o n s e  to  a l t e r n a t i v e  l e v e l s  o f  a  com pany 's  s h a r e  o f  
r e t a i l  o u t l e t s  can  be m easured  and e x p re s s e d  i n  v a r io u s  te rm s  su ch  a s  
s a l e s  volum e, m a rk e t  s h a r e ,  and p r o f i t s .  S a le s  volume seems to  be  t h e  
m ost e a s i l y  u t i l i z e d  m easu re  s i n c e  s a l e s  d a t a  by o u t l e t s ,  m ark e t  a r e a s ,  
and t o t a l  m ark e t  a r e  u s u a l l y  a v a i l a b l e  i n  m ost o i l  com pan ies . However, 
s a l e s  volume by i t s e l f  i g n o r e s  t h e  p o t e n t i a l  and o p p o r t u n i t i e s  o f f e r e d  
by th e  m a rk e t .  I n  t h i s  r e s p e c t  p r o f i t  r a t h e r  th a n  s a l e s  re v e n u e s  may be 
t h e  a p p r o p r i a t e  m easure  t o  u s e .  T h is  may n o t  be t r u e  u n d e r  c e r t a i n
^ B y  so  d o in g ,  v?e a r e  im p ly in g ,  a s  i t  can  be i n f e r r e d  from th e  
l i t e r a t u r e  rev iew ed  i n  th e  p re v io u s  s e c t i o n ,  t h a t  t h e  mix o f  r e t a i l  
o u t l e t s  i n  a  m a rk e t  a r e a  i s  a  c o r r e l a t e  o f  p r i c e  and p ro m o tio n  v a r i a b l e s .
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c i r c u m s ta n c e s ,  how ever. For i n s t a n c e ,  i t  may be d e s i r a b l e  from th e
f i r m 's  p o in t  o f  view to  i n c r e a s e  th e  number o f  i t s  r e t a i l  o u t l e t s  i n
a g iv e n  m arke t a r e a  and s a c r i f i c e  p r o f i t s  te m p o ra r i ly  i n  o r d e r  to
c a p tu r e  a  l a r g e r  sh a re  o f  th e  m a rk e t .  I n  such  a  c a s e ,  m arket s h a r e
r a t h e r  th an  p r o f i t s  would be a  more a p p r o p r i a t e  m easure o f  m arket
re sp o n se  to  u s e .  T h e re fo re ,  i n  c o n s t r u c t i n g  th e  company's m arke t
re sp o n se  f u n c t io n ,  i t s  m arke t s h a r e  w i l l  be  c o n s id e re d  as a measure
o f  th e  m a r k e t 's  r e a c t i o n  to  i t s  r e t a i l i n g  o f f e r .  However, re a s o n a b ly
a c c u r a te  e s t i m a te s  o f  m arke t p o t e n t i a l  a r e  n e c e s s a r y  i n  o r d e r  f o r  th e
s h a r e  o f  th e  m arket to  be  a  m ean in g fu l  m easure o f  th e  m a r k e t 's  r e s p o n s e .
I n  a d d i t i o n ,  t h e r e  i s  a lw ays th e  p o s s i b i l i t y  t h a t  th e  r e s p o n se  o f  th e
m arket may l a g  b e h in d  a  change i n  th e  l e v e l  o f  t h e  com pany's r e t a i l i n g
e f f o r t .  An e f f i c i e n t  way to  c o n s id e r  such  an e f f e c t  i s  to  e x p l i c i t l y
in c lu d e  th e  com pany's s h a r e  o f  th e  m arke t d u r in g  a  p re v io u s  tim e p e r io d
43i n  i t s  m arket re sp o n se  f u n c t i o n .
f ) The Market Response F u n c t io n .
Based on th e  above d i s c u s s i o n ,  th e  f i r m 's  m arke t re sp o n se  f u n c t io n  
can be  e x p re s s e d  as f o l lo w s :
MSt  = f(O St , 0Mfc, M S ^ j )  ............ 2 .3
where
MSt  = th e  f i r m 's  m arke t s h a r e  i n  p e r io d  t ,
0St  = th e  f i r m 's  s h a r e  o f  o u t l e t s  i n  p e r io d  t ,
^ 3P h i l i p  K o t l e r ,  M ark e t in g  D e c is io n  Making: A M o d e l . . .  . C h ap te r  4 .
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0Mt = th e  mix o f  o u t l e t s  i n  a  g iv en  m arket a r e a  and i s  eq u a l  to  th e  
in d e p e n d e n t  f i r m s ’ s h a r e  o f  o u t l e t s  i n  t h a t  a r e a  i n  p e r io d  t ,
MSt _ j=  th e  la g g e d  e f f e c t  o f  th e  f i r m ’s m arke t s h a r e  i n  p e r io d  ( t - 1 ) .
I t  sh o u ld  be n o te d  h e r e ,  how ever, t h a t  e x p r e s s in g  th e  m arke t 
re sp o n se  f u n c t io n  i n  t h e s e  te rm s ig n o r e s  th e  e f f e c t s  o f  th e  d i f f e r e n c e s  
i n  s i z e  and q u a l i t y  o f  l o c a t i o n  o f  i n d i v i d u a l  r e t a i l  o u t l e t s  as w e l l  as 
th e  q u a l i t y  o f  management a t  th o s e  o u t l e t s .
As to  th e  e f f e c t  o f  th e  d i f f e r e n c e s  i n  s i z e  and q u a l i t y  o f  
l o c a t i o n  on th e  p e rfo rm an ce  o f  i n d i v i d u a l  r e t a i l  o u t l e t s ,  such  an e f ­
f e c t  may be  c o n s id e re d  by r e l a t i n g  a v e rag e  company s a l e s  p e r  o u t l e t  to  
th e  i n d u s t r y ’s s a l e s  p e r  o u t l e t .  Such a c o n s i d e r a t i o n  assumes t h a t  th e  
p erfo rm ance  o f  a  g iv e n  o u t l e t  i s  e q u i v a l e n t  to  th e  o v e r a l l  av e rag e  
f o r  th e  f i r m 's  o u t l e t s  p r e s e n t  i n  a  g iv e n  m arket a r e a .  This  a ssum ption  
i s  n o t  u n re a so n a b le  g iv e n  th e  f a c t  t h a t  su b se q u e n t  a n a l y s i s  c o n ce rn in g  
th e  s i z e  d i s t r i b u t i o n  and l o c a t i o n  o f  th e  f i r m 's  r e t a i l  o u t l e t s  would 
a d j u s t  th e  r e s u l t s  o f  th e  p r e s e n t  a n a l y s i s  v i a  a  s e t  o f  fe e d -b a c k  lo o p s  
and r e c u r s i v e  r e l a t i o n s h i p s .
As to  th e  e f f e c t  oif th e  d i f f e r e n c e s  i n  th e  q u a l i t y  o f  management
on th e  p e rfo rm an ce  o f  i n d i v i d u a l  o u t l e t s ,  few r e s e a r c h  s t u d i e s  have
b een  r e p o r t e d  i n  t h e  l i t e r a t u r e  w hich have  a t te m p te d  to  s e p a r a t e  th e
m a n a g e r ia l  e f f e c t  from l o c a t i o n ,  f a c i l i t y  c o n d i t i o n s ,  and o u t l e t  s i z e  e f -
44f e c t s .  For exam ple, R onald  D o rn o f f ,  u s in g  m u l t i p l e  d i s c r im in a n t  a n a l y s i s ,
44 .iRonald J .D o r n o f f ,  "An A n a ly s is  o f  D i f f e r e n c e s  i n  th e  O p e ra t io n
and th e  Socioeconom ic  and Background F a c to r s  as  They R e la te  to  th e  Suc­
c e s s  o f  S e rv ic e  S t a t i o n  D e a l e r s , "  ( P h .D .D i s s e r t a t i o n ,  U n iv e r s i t y  o f  
Alabama, 1968).
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found no s i g n i f i c a n t  d i f f e r e n c e s  i n  th e  o p e r a t i o n a l  and th e  s o c io ­
economic c h a r a c t e r i s t i c s  o f  s u c c e s s f u l  and u n s u c c e s s f u l  s e r v i c e  s t a t i o n  
d e a l e r s .  N e v e r t h e l e s s ,  th e  a ssu m p tio n  rem a in s  t h a t  s t a t i o n  d e a l e r s  
p o s s e s s  th e  same m a n a g e r ia l  s k i l l s  and would p e rfo rm  e q u a l l y  w e l l  i n  any 
l o c a t i o n .  Such an a ssu m p tio n  i s  j u s t i f i e d  on th e  ground t h a t  m ost w e l l  
managed o i l  com panies s u b j e c t  t h e i r  p r o s p e c t iv e  d e a l e r s  to  an  e x t e n s iv e  
t r a i n i n g  program  aimed a t  th e  improvement o f  t h e i r  m a n a g e r ia l  s k i l l s ,
a )  The F u n c t io n a l  R e l a t i o n s h i p .
Two b a s i c  s e t s  o f  r e l a t i o n s h i p s  a r e  o f  p a r t i c u l a r  im p o r tan ce  to  
th e  p r e s e n t  a n a l y s i s .  They a r e :
1. The f i r m ' s  t o t a l  s a l e s  i n  a g iv e n  m arke t a r e a  v a ry  d i r e c t l y  
w i th  i t s  s h a r e  o f  r e t a i l  o u t l e t s  o p e r a t i n g  i n  t h a t  a r e a ,  and
2. changes  i n  s a l e s  due to  changes i n  t h e  f i r m ' s  s h a r e  o f  o u t l e t s  
v a ry  among v a r i o u s  m arke t a r e a s .
Such v a r i a t i o n s  i n  m arke t r e s p o n s e  betw een and w i t h i n  m ark e t  a r e a s  
have been  i n v e s t i g a t e d  by H artung  and F i s h e r . ^  The a u th o r s  o b se rv ed  
t h a t  a f t e r  a d j u s t i n g  f o r  l o c a l  e n v iro m e n ta l  f a c t o r s ,  l a r g e  u n e x p la in e d  
d i f f e r e n c e s  i n  th e  s a l e s  o f  company o u t l e t s  s t i l l  e x i s t e d  among v a r io u s  
m arke t a r e a s .  To a c c o u n t  f o r  such  d i s c r e p a n c i e s  th e  a u t h o r s '  a t t e n t i o n  
was d i r e c t e d  to  a p o s s i b l e  r e l a t i o n s h i p  betw een  th e  com pany 's  m ark e t  
s h a r e  and i t s  s h a r e  o f  o u t l e t s  i n  a  g iv e n  m ark e t  a r e a .  B ecause o f  i t s  
im p o r tan c e  to  th e  p r e s e n t  r e s e a r c h ,  H artung  and F i s h e r ' s  model w i l l  be 
rev iew ed  i n  th e  fo l lo w in g  s e c t i o n .
45 ••P h i l i p  H. H artung  and James L. F i s h e r ,  "Brand S w itc h in g  and
M ath e m a tic a l  Programming i n  M arket E x p a n s io n »" Management S c i e n c e ,
V ol. 11, No. 10 (A ugust,  1 9 6 5 ) ,  B231-B243.
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b) The H artu n g  and F i s h e r ’s M odel.
H artung  and F i s h e r  assumed t h a t  th e  m arket f o r  g a s o l in e  can be 
reduced  to  a  q u a s i -d u o p o ly  where a  company's b ran d  i s  c o n s id e re d  a g a i n s t  
th e  c o m p e t i t iv e  b ra n d s  ta k en  t o g e t h e r .  Then by u s in g  a  b ran d  s w i tc h in g  
m odel, th e  a u th o r s  d e f in e d  th e  fo l lo w in g  r e l a t i o n s h i p s :
Xt + i  = a x t  + 3Yt    2 .4
a  = K1P / ( 0  + P)   2 .5
3 = K20 / ( 0 + P )    2.6
Where,
X^ = th e  com pany 's  m arke t s h a r e  i n  p e r io d  t ,
Yt  = th e  c o m p e t i t i o n ' s  m arke t s h a r e  i n  p e r io d  t ,
a  = th e  p r o b a b i l i t y  t h a t  i f  a  custom er p u rc h a se d  th e  com pany's  
b ra n d  i n  t h e  c u r r e n t  p e r i o d ,  th e n  he  would p u rc h a se  th e  
same b ra n d  i n  t h e  su c c e e d in g  p e r io d ,
$ = th e  p r o b a b i l i t y  t h a t  i f  a  cu s to m er p u rc h a se d  th e  com peti­
t i o n ' s  b ra n d  i n  th e  c u r r e n t  p e r i o d ,  th e n  h e  would s w i tc h  
to  t h e  com pany 's  b ra n d  i n  t h e  s u c c e e d in g  p e r io d ,
P = th e  number o f  o u t l e t s  c a r r y in g  com pany's b ra n d ,
0 = th e  number o f  o u t l e t s  c a r r y i n g  com peting  b r a n d s ,  and
K^,K2 = a r e  p o s i t i v e  c o n s t a n t s .
The above model im p l ie s  t h a t  X = 1 - Y .  The s t e a d y - s t a t e  m arke t
s h a r e  can ,  t h e r e f o r e ,  b e  e x p re s s e d  a s  f o l lo w s :
3
x  „    ,
1 -  a  + 3
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and by s u b s t i t u t i n g  th e  v a lu e s  o f  a  and 3 i n  th e  above e x p r e s s io n  
we o b t a i n  th e  fo l lo w in g
KoP
X = ..................................    2 .7
0 +  P ( l  + k2 - K ^
S in c e  th e  com pany 's  m ark e t  s h a r e  X=S/T, where S and T a r e  s a l e s  
o f  com pany 's  b rand  and th e  t o t a l  s a l e s  o f  a l l  b ra n d s  i n  th e  m a rk e t ,  
r e s p e c t i v e l y ,  th e n  th e  fo l lo w in g  r e l a t i o n s h i p  can  be d e r iv e d  from 2 .7  
above.
S
  = K + (K  - K  ) X   2 .8
5 L
Where S = S /P , i s  t h e  a v e ra g e  s a l e s  p e r  com pany 's  r e t a i l  o u t l e t ,  
and 0 = T / (0 + P ) ,  i s  t h e  a v e ra g e  s a l e s  p e r  i n d u s t r y ' s  r e t a i l  o u t l e t .  The 
a u th o r s  used  model ( 2 . 8 )  i n  o r d e r  to  e s t i m a te  th e  v a lu e s  o f  i t s  p a r a ­
m e te r s ,  and K2 «
The i m p l i c a t i o n  o f  H artung  and F i s h e r ' s  model i s  t h a t  by u s in g  
th e  r e l a t i o n s h i p  S = K .TP/(0+P(l+K 2-K ^)P) one can c a l c u l a t e  t h e  i n c r e a s e  
i n  th e  f i r m ' s  s a l e s  volume i n  a  g iv e n  m arke t a r e a  a s  a  r e s u l t  o f  ad d in g  
a  s i n g l e  r e t a i l  o u t l e t  i n  t h a t  a r e a .  The a u t h o r s ,  how ever, u sed  th e  
model a s  a  c r i t e r i o n  f o r  a l l o c a t i n g  o u t l e t  b u i l d i n g  r e s o u r c e s  among th e  
com pany 's  v a r i o u s  m ark e t  a r e a s  o v e r  a  g iv e n  p e r io d  o f  t im e  so  a s  to  m axi­
m ize th e  sum t o t a l  o f  d i s c o u n te d  r e t u r n s  from a l l  m ark e t  a r e a s .
I t  sh o u ld  be m en tio n ed  h e r e ,  how ever; t h a t  H artung  and F i s h e r ' s  
e s t i m a t e s  o f  K-̂  and K2 a r e  b ia s e d  due to  th e  f a c t  t h a t  th e  d ependen t 
v a r i a b l e  S /T , th e  com pany 's  m a rk e t  s h a r e ,  a p p e a r s  on b o th  s i d e s  o f  th e
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e q u a t io n .  T h is  can be s ee n  by w r i t i n g  t h e i r  model i n  th e  fo l lo w in g  
expanded form:
S 0 + P  S
  . -------  = K2 +  (K1 - K 2) —    2 .9
T P  T
L f \In  a r e c e n t  a r t i c l e ,  N a e r t  and B u l te z  have a t te m p te d  to  f i t  an 
e x p o n e n t i a l  v e r s i o n  o f  H artung  and F i s h e r ’ s model to  d a t a  on g a s o l i n e  
b ra n d s  from th e  I t a l i a n  m a rk e t .  The r e s u l t s  were  n o t  p a r t i c u l a r l y  u s e f u l ,  
p a r t l y  b ecau se  o f  th e  m o d e l 's  p e r fo rm a n c e ,  and p a r t l y  b eca u se  o f  th e  
l i m i t a t i o n s  on th e  d a t a  used  t o  e s t i m a t e  i t s  p a ra m e te r s ,
c) An A l t e r n a t i v e  F o r m u la t io n .
There  i s  ample t h e o r e t i c a l  and e m p i r i c a l  s u p p o r t  to  t h e  s u g g e s t io n  
t h a t  a com pany 's  m ark e t  s h a r e ,  a s  a  f u n c t i o n  o f  i t s  r e t a i l  d i s t r i b u t i o n  
e f f o r t ,  t a k e s  an S -  shaped  form . The t h e o r e t i c a l  a rgum ents  i n  s u p p o r t  o f  
such  a  s ta t e m e n t  have  been  advanced  i n  th e  i n t r o d u c t i o n  to  th e  p r e s e n t  
r e s e a r c h  monograph. I t  was a rg u ed  th e n  t h a t  such  a  r e l a t i o n s h i p  u n d e r­
l i e s  th e  a v e ra g e  s a l e s  p e r  company o u t l e t  a s  th e  number o f  i t s  b randed  
r e t a i l  o u t l e t s  i n c r e a s e s .  Such an S -  shaped  f u n c t i o n  i s  u s u a l l y  r e ­
f e r r e d  to  a s  th e  L o g i s t i c  re s p o n s e  f u n c t i o n .  The L o g i s t i c  model a s  w e l l  
a s  an a t te m p te d  d e r i v a t i o n  o f  th e  m ark e t  re s p o n s e  f u n c t i o n  b ased  on su ch  
a  model w i l l  be d i s c u s s e d  i n  th e  re m a in in g  p a r t  o f  t h e  p r e s e n t  s e c t i o n .
^ P h i l i p p e  A. N a e r t  and A la in  V. B u l t e z , "  A Model o f  a  D i s t r i b u t i o n  
Network A g g reg a te  P e r fo rm a n c e »" Management S c ie n c e , V o l. 21 , No. 10 
J u n e ,  1 9 7 5 ) ,  1102-1112.
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g) The L o g i s t i c  M odel.
C o n s id e r  th e  b i n a r y  v a r i a b l e  Y^ ® 0 , 1 ,  w here  = 1 d e n o te s  t h a t  th e  
com pany 's  b ran d  i s  b o u g h t ,  and Y^ = 0 d e n o te s  t h a t  t h e  c o m p e t i t i o n ' s  b rand  
i s  b o u g h t .  The v a r i a b l e  Y^ can  be c o n s id e re d  an  o r d in a r y  B e r n o u l l i  random 
v a r i a b l e  f o r  w hich t h e  p r o b a b i l i t y  d i s t r i b u t i o n  i s  d e f in e d  by 
P(Y±=1) = p i}  and 
P(Y±«0) = 1 - P i = q±
w here P^ i s  t h e  p r o b a b i l i t y  t h a t  Y.  ̂ = 1 ( t h e  p r o b a b i l i t y  t h a t  th e  com­
p a n y 's  b ran d  i s  b o u g h t ) ,  and i s  th e  p r o b a b i l i t y  t h a t  Y.  ̂ = 0 ( th e  
c o m p e t i t i o n ' s  b ran d  i s  b o u g h t ) .  The e x p e c te d  v a lu e  o f  Y^ i s ,  by 
d e f i n i t i o n ,  e q u a l  to
E(Y±) = ( 0 ) ( q ±) +  ( l ) ( P i ) = p± .................................... ............... 2 .1 0
N ex t,  c o n s id e r  t h e  l i n e a r  r e g r e s s i o n  model
Yi  = b 0 + b l Xi + e i  ’ Y± = 0 ,1
where t h e  l e v e l  o f  t h e  r e s p o n s e  v a r i a b l e  Y^ i s  a  l i n e a r  f u n c t i o n  o f  th e  
p r e d i c t o r  v a r i a b l e  X^. S in c e  E ( e ^ )  = 0 , t h e  e x p e c te d  v a lu e  o f  Y^, 
E ( Y £ ) ,c a n  be  e x p re s s e d  a s  f o l l o w s :
E(Y±) = b Q +  b j ^  o r
E(Y±) = P± -  b Q +  b ^  . ............... 2 .1 1
The above e x p r e s s io n  i m p l i e s  t h a t  t h e  mean r e s p o n s e  E(Y^) a s  g iv e n  
by th e  r e s p o n s e  f u n c t i o n  i s  t h e  p r o b a b i l i t y  t h a t  Y^ = 1 when t h e  l e v e l  
o f  t h e  p r e d i c t o r  v a r i a b l e  i s  X^. I t  sh o u ld  be  n o te d  h e r e ,  how ever, t h a t  
Xj; can  be a  v e c t o r  w i t h  m e le m e n ts ,  i . e .
Xi  "  ^Xi l ,Xi 2 ' * * * * x im) ‘
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In  such  a c a s e  (2 .1 1 )  becomes a l i n e a r  m u l t i p l e  r e g r e s s i o n  model.
There  i s  ample e m p i r i c a l  e v id e n c e  to  s u g g e s t  t h a t  when th e  d ependen t 
v a r i a b l e  i n  t h e  above m odel i s  a  b in a r y  v a r i a b l e ,  th e  shape  o f  th e  r e ­
sponse  f u n c t io n  w i l l  f r e q u e n t l y  ap p ro x im a te  t h a t  o f  a  l o g i s t i c  f u n c t i o n .  
The l a t t e r  h a s  a  shape  l i k e  a  t i l t e d  S and a sy m p to te s  a t  0 and 1. The 
l o g i s t i c  model can be e x p re s s e d  a s  f o l lo w s :
E(Y) = e x p ( 3 0 + ^ X j / C l + e x p ( $ 0 + P jX ) )   2 .12
where exp (* )  d e n o te s  t h e  a n t i l o g  o f  th e  n a t u r a l  lo g a r i th m  o f  th e  
q u n t i t y  i n  p a r e n t h e s i s .
An i n t e r e s t i n g  p r o p e r t y  o f  th e  l o g i s t i c  f u n c t io n  i s  t h a t  i t  a u to ­
m a t i c a l l y  c o n s t r a i n s  th e  v a lu e  o f  E(Y) betw een 0 and 1 , o r  
0 < E(Y)< 1 .
Such a  p r o p e r ty  i s  e s p e c i a l l y  a d v an ta g e o u s  i f  we c o n s id e r  t h a t  E(Y^),
th e  mean re sp o n se  v a lu e  o f  Y^, i s  th e  p r o b a b i l i t y  o f  Y ^=l, and t h a t
E(Yi ) = P^ , where 0 <  1.
A no ther u s e f u l  p r o p e r t y  o f  t h e  l o g i s t i c  f u n c t io n  i s  t h a t  i t  can
e a s i l y  be l i n e a r i z e d  by  way o f  a  l o g i s t i c  o r  l o g i t  t r a n s f o r m .  The
l a t t e r  i s  g iv e n  by P 1 = l n ( p / ( l - p ) ,  w here  p = E(Y).
By s u b s t i t u t i n g  t h e  v a lu e  o f  p i n  th e  above e x p r e s s io n  we o b t a i n
E(Y) exp (S 0 +  3i X ) / ( l + e x p ( p Q +  $iX))
P '  = I n  ------------ = I n  ........................................................     2 .1 3
1 -  E(Y) 1 (e x p (3 0 +  3XX) /  ( I  + e x p ( 3 0 +  3 jX )) )
And by s i m p l i f y in g  s i m i l a r  te rm s we o b t a i n ,
P '  = ln (e x p  3 q + 3 i  X )=  3q +  3j  ̂ X .   2 .1 4
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The p r e s e n t  a n a l y s i s  h y p o th e s iz e s  t h a t  th e  f i r m 's  m arke t r e s p o n se  
f u n c t io n  i s  b e s t  r e p r e s e n te d  by a  L o g i s t i c  Response f u n c t io n  and , t h e r e ­
f o r e ,  d e f in e s  th e  mean re s p o n se  v a lu e  o f  ( 2 .1 1 ) ,  E(Y ^), a s  th e  f i r m 's  
m arke t s h a r e  i n  m arke t a r e a  i ,  ( i = l , 2 , 3 , . . . ,m ) , w hich i n  t u r n  i s  a 
f u n c t io n  o f  i t s  s h a r e  o f  o u t l e t s ,  OS^; la g g ed  m arke t s h a r e ,  MS^ 
and th e  mix o f  r e t a i l  o u t l e t s  o p e r a t in g  i n  th e  m arke t a r e a ,  OM^. 
S y m b o l ic a l ly ,  th e  f u n c t io n  can  be e x p re s s e d  a s  f o l lo w s :
t(s exp(B0 +  h ' X j t *  S20Ml t  +    2>15
i c  1 + exp(60 + »10Si t + S2OMl t  + ......................
The t ra n s fo rm e d  l o g i s t i c  f u n c t io n  th e n  becomes:
“ i t
r ^ r ' B° + Bi 0Sit + 32 0Mit +  ?3  2-16i t
Model (2 .1 6 )  w i l l  be f i t t e d  by th e  method o f  W eighted L e a s t - S q u a re s  
m u l t i p l e  r e g r e s s i o n  a n a l y s i s . ^
Data S o u r c e s .
D ata on s h a r e  o f  o u t l e t s  and m arke t s h a r e s  f o r  a  number o f  m ajo r  
o i l  companies a r e  a v a i l a b l e  from th e  y e a r l y  F ac t-B ook  i s s u e  o f  th e  
N a t io n a l  P e tro leu m  News.^® O b s e rv a t io n s  on one o r  more such  companies
47 John N e te r  and W ill iam  Wasserman, A p p lied  L in e a r  S t a t i s t i c a l  
Models (Homewood, I l l i n o i s :  R ich ard  D. I r w in ,  I n c . ,  1 9 7 4 ) ,  C h ap te r  9; 
Yvonne M. M. B ishop , S tep h en  E. F ie n b e r g ,  and P a u l  W. H o l la n d ,  D i s c r e t e  
M u l t i v a r i a t e  A n a ly s i s :  Theory and P r a c t i c e  (Cambridge, M a s s a c h u s s e t t s : 
The MIT P r e s s ,  197 5 ),  C h ap te r  10; Dixby R. Cox, The A n a ly s i s  o f  B in a ry  
D ata  (London: Methuen & Co* L t d . ,  1970 ),
48N a t io n a l  P e tro leu m  News F ac tb o o k  (New York: M cGraw-Hill Book 
Company).
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a r e  a v a i l a b l e  on a  s t a t e - b y - s t a t e  b a s i s  ( c r o s s - s e c t i o n a l )  o r  f o r  each 
s t a t e  o v e r  th e  p e r io d  from 1969-1977 ( t i m e - s e r i e s ) .
There  i s ,  o f  c o u r s e ,  th e  p o s s i b i l i t y  o f  p o o l in g  c r o s s - s e c t i o n a l  
o b s e r v a t io n s  o v e r  t im e ,  which p ro v id e s  th e  o p p o r tu n i ty  o f  o b t a in in g  
b e t t e r  e s t i m a te s  o f  th e  r e g r e s s i o n  p a ra m e te r s .  T e s ts  as  to  th e  adequacy 
o f  th e  p o o l in g  p ro c e d u re  would have  to  be conducted  p r i o r  to  th e  a n a ly ­
s i s .  The i s s u e s  in v o lv e d  i n  p o o l in g  c r o s s - s e c t i o n a l  and t i m e - s e r i e s  
d a ta  a r e  d i s c u s s e d  a t  l e n g th  i n  th e  r e f r e n c e s  n o te d  below .
h) Summary and C onclusion  o f  th e  Market 
Response F u n c t io n  G e n e ra t io n  S ubsys tem .
T h is  p a r t  o f  th e  p r e s e n t  c h a p te r  i s  concerned  w i th  th e  developm ent
o f  th e  m o d e l 's  Market Response F u n c t io n .  Based on a  l i t e r a t u r e  rev iew
o f  c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g  a s  w e l l  a s  c e r t a i n  s im p l i f y in g
Mark M o r ia r ty ,  " C r o s s - S e c t i o n a l ,  T im e-S e r ie s  I s s u e s  i n  th e  Anal­
y s i s  o f  M ark e tin g  D e c is io n  V a r i a b l e s , "  J o u r n a l  o f  M arke ting  R e s e a rc h ,
V o l .12(May, 1975), 142-50; Frank M .Bass, and Dick R .W i t t in k ,  "P o o lin g  
I s s u e s  and Methods i n  R e g re s s io n  A n a ly s is  With Examples i n  M arke ting  Re­
s e a r c h , "  Jo u rn a l_ o f_ J la rk e t i j ig _ R e se a rc h ,  V o l .12(November, 1975), 414-25 ; 
R o b er t  B r o b s t ,  and Roger G a te s ,  "Comments on P o o l in g  I s s u e s  and Methods 
i n  R e g re s s io n  A n a l y s i s , "  J o u r n a l  o f  M ark e tin g  R e se a rc h , V o l .14(November, 
1977), 598-601; F rank  M .Bass, and Dick R .W i t t in k ,  " P o o l in g  I s s u e s  and 
Methods i n  R e g re s s io n  A n a ly s i s :  Some F u r th e r  R e f l e c t i o n s , "  J o u rn a l  o f  
M arek e tin g  R e se a rc h , V o l . 15(May, 1978), 277-80 ; J . J o h n s t o n ,  E co n o m e tr ic . 
M ethods, 2 n d .ed.(New Y ork: McGraw-Hill Book Company, 1972), C hap ters  5 ,
6 ,  and 7; G .S .M addala , "The Use o f  V a r ia n ce  Components Models i n  P o o l in g  
C r o s s - S e c t io n  and T im e-S e r ie s  D a ta ,"  E c o n o m e tr ic a , V o l .39, N o .2 (March, 
1971), 342-58 ; W .A .C lark , and K aren  L .A very , "The E f f e c t s  o f  Data Ag­
g r e g a t io n  i n  S t a t i s t i c a l  A n a l y s i s , "  G e o g rap h ica l  A n a ly s i s , V o l .8 (O c to b e r ,  
1976), 428 -3 8 ; John M.McCann, "M arket Segment Response to  t h e  M arke ting  
D e c is io n  V a r i a b l e s , "  J o u r n a l  o f  M arek tin g  R e s e a rc h , V o l . 11(November,
1974), 399-412; K r i s t i a n  S .P a ld a ,  and L a rry  M .B la i r ,  "A Moving C ro ss-  
S e c t io n  A n a ly s is  o f  Demand f o r  T o o t h p a s te , "  J o u r n a l  o f  M arek ting  R e se a rc h , 
V o l .7 (November, 1970), 4 39 -49 .
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a s s u m p tio n s ,  i t  was s u g g e s te d  t h a t  th e  f i r m ’s m arket s h a r e  be e x p re s s e d  
a s  a  f u n c t io n  o f  i t s  s h a r e  o f  r e t a i l  o u t l e t s ,  i t s  la g g e d  m arket s h a r e ,  
and th e  mix o f  g a s o l i n e  r e t a i l  o u t l e t s  o p e r a t i n g  i n  th e  m arke t a r e a  
b e in g  c o n s id e r e d .  I n  a d d i t i o n ,  i t  was assumed t h a t  th e  f u n c t i o n a l  
r e l a t i o n s h i p  would b e s t  be  r e p r e s e n t e d  by a l o g i s t i c  r e s p o n se  f u n c t i o n .
Once th e  m arke t r e s p o n s e  f u n c t io n  i s  o b ta in e d ,  i t  w i l l  be  used  i n  
making d e c i s io n s  r e g a r d in g  th e  recommended number o f  r e t a i l  o u t l e t s  th e  
f i r m  sh o u ld  hav e  and th e  a r e a  to  which th ey  sh o u ld  be a s s ig n e d ,  g iv en  
i t s  m a rk e t in g  o b j e c t i v e s .  I n  a d d i t i o n ,  th e  f u n c t io n  would r e f l e c t  th e  
p ro b a b le  e f f e c t  t h a t  a  change i n  th e  number o f  th e  f i r m 's  r e t a i l  o u t l e t s  
may have on i t s  m arke t s h a r e ,  s a l e s  volume, an d , c o n s e q u e n t ly ,  i t s  
p r o f i t .
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2. The E m p ir ic a l  C ost A n a ly s is  Subsys tem .
A m a jo r  o b j e c t i v e  o f  t h e  d i s t r i b u t i o n  s t r a t e g i e s  o f  most o i l  com­
p a n ie s  h a s  been  one o f  i n t e n s i v e  developm ent o f  t h e  m ark e t  th ro u g h  a 
l a r g e  number o f  h i g h l y  c o n v e n ie n t ly  l o c a t e d  s e r v i c e  s t a t i o n s .  T h is  h a s ,  
o v e r  th e  y e a r s ,  r e s u l t e d  i n  th e  p r o l i f e r a t i o n  o f  sm a l l  u n p r o f i t a b l e  
s e r v i c e  s t a t i o n s .  Such a  phenomenon h a s  become o f  s p e c i a l  co n ce rn  to  a 
number o f  o i l  co m p an ies ' e x e c u t i v e s .  Tom W. S i g l e r ,  v i c e  p r e s i d e n t  
f o r  m a rk e t in g ,  C o n t i n e n t a l  O i l  Company, commented on such  a  phenomenon 
by s t a t i n g  t h a t : " ^
I t  h a s  been  f r e q u e n t l y  c h arg ed  i n  th e  p a s t  y e a r s  t h a t  th e  be ­
l i e f  p r e v a i l e d  among some c o r p o r a t e  managements t h a t  t y p i c a l  
two bay s t a t i o n s  on ev e ry  c o r n e r  w ere  n e c e s s a r y  i n  o r d e r  to  
m ark e t  c ru d e  w i th o u t  r e g a r d  f o r  th e  p r o f i t a b i l i t y  o f  th e  mar­
k e t i n g  in v e s tm e n t .  . . .  The a t te m p t  to  p u s h 'c r u d e  th ro u g h  
s t a t i o n s  h a s  b een  a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  f o r  one o f  
o u r  g r e a t e s t  p ro b lem s  -  t h a t  o f  to o  many s t a t i o n s .  In  my 
o p in io n ,  t h e  c o n v e n t io n a l  s e r v i c e  s t a t i o n  r e p r e s e n t a t i o n  i n  
many p a r t s  o f  t h e  c o u n t ry  i s  much g r e a t e r  th a n  i s  needed  to  
s e r v e  th e  consum er p u b l i c .  I t ' s  a  c a s e  o f  m a rk e t in g  " o v e r k i l l "  
and i t  i s  an  i n d i c a t i o n  t h a t  we have  been  s u b s i d i z i n g  u n p r o f i t ­
a b l e  o u t l e t s  r a t h e r  th a n  f a c i n g  th e  m usic  and c l o s i n g  them 
down. Then we b u i l d  a  r a f t  o f  new s t a t i o n s  i n  m a rk e ts  t h a t  
may a l r e a d y  be h e a v i l y  o v e r b u i l t ,  t h e  a v a i l a b l e  b u s in e s s  i s  
s p re a d  so  t h i n  t h a t  few o u t l e t s  r e a l l y  have  enough volume to  
j u s t i f y  t h e i r  e x i s t e n c e .  We c a n ,  how ever, do a  much b e t t e r  
j o b  o f  i d e n t i f y i n g  th o s e  s t a t i o n s  t h a t  sh o u ld  a l r e a d y  be c lo s e d  
down and n o t  hang on t o  them w i th  n o th in g  b u t  a  h ope , a  
p r a y e r ,  and a  s u b s id y .
D e s p i te  su ch  c o m p la in ts  r e g a r d in g  th e  phenomenon o f  to o  many s m a l l  
g a s o l i n e  s e r v i c e  s t a t i o n s ,  no r e s e a r c h  s t u d i e s  have been  r e p o r t e d  i n  th e  
l i t e r a t u r e  on g a s o l i n e  m a rk e t in g  w hich  have i n v e s t i g a t e d  th e  optimum
^ " C o n o c o ' s  S i g l e r  Raps F i x a t i o n  on Volume and O v e r b u i ld in g ,"  
G a so l in e  R e t a i l e r  (March 18 , 1 9 7 0 ) ,  PP. 2 -3 .
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economic s i z e  o f  a s e r v i c e  s t a t i o n ,  e x c e p t  th ro u g h  th e  g e n e r a l  g u i d e l i n e s  
o f  e m p i r i c a l  c o s t  a n a l y s i s  p e r t a i n i n g  to  r e t a i l  o p e r a t i o n s  i n  g e n e r a l . ^
However, s i n c e  t h e  s i z e  o f  a  g iv e n  f i r m  i s  r e l a t e d  to  th e  e f f i c i e n c y  
o f  i t s  o p e r a t i o n  a s  r e f l e c t e d  by th e  s t r u c t u r e  o f  i t s  s h o r t  a s  w e l l  a s  
lo n g - r u n  c o s t s ,  e co n o m is ts  have  r e f e r r e d  to  th e  f i r m ' s  " e n v e lo p "  lo n g -  
run  a v e ra g e  c o s t  c u rv e ,  w hich e n c lo s e s  i t s  s h o r t - r u n  a v e ra g e  c o s t  cu rv e s  
ta k e n  a t  d i f f e r e n t  l e v e l s  o f  i t s  o p e r a t i o n ,  a s  a  means f o r  a r r i v i n g  a t  
th e  f i r m ' s  optimum economic s i z e .  The l a t t e r  c o r re sp o n d s  to  th e  s i z e  
a t  which l o n g - r u n  a v e ra g e  c o s t s  a r e  a t  a  minimum.
The p r e s e n t  a n a l y s i s  s u g g e s te d  i n  th e  E m p ir ic a l  C ost A n a ly s i s  sub­
sys tem  a t t e m p ts  i n  an e x p l o r a t o r y  manner t o  d ev e lo p  a  g e n e r a l  a n a l y t i c a l  
p ro c e d u re  f o r  d e te rm in in g  th e  a v e ra g e  economic s i z e ( s )  o f  a g a s o l i n e  
s e r v i c e  s t a t i o n .  The p ro c e d u re  exam ines t h e  c o s t - r e v e n u e  s t r u c t u r e s  o f  
a  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  from  d i f f e r e n t  s i z e  g roups  o p e r­
a t i n g  i n  a g iv e n  m ark e t  a r e a .  The s i z e  g roup  w i th  th e  h i g h e s t  a v e ra g e  
n e t  re v e n u es  i s  th e n  chosen  a s  th e  economic s i z e  o f  a  g a s o l i n e  r e t a i l  
o u t l e t  i n  t h a t  m arke t a r e a .  The r e s u l t s  o f  th e  E m p i r ic a l  C ost a n a l y s i s  
p ro c e d u re s  would p ro v id e  th e  b a s i s  f o r  a s s e s s i n g  th e  l e v e l  o f  c a p i t a l  
in v e s tm e n t  in v o lv e d  i n  t h e  e s t a b l i s h m e n t  and o p e r a t i o n  o f  a g a s o l i n e  
s e r v i c e  s t a t i o n  in  a g iv e n  m arke t a r e a .
^ E d n a  D oug las , " S iz e  o f  F irm  and th e  S t r u c t u r e  o f  C ost i n  R e t a i l  
i n g , "  J o u r n a l  o f  B u s in e s s , V o l. 35 , No. 2 ( A p r i l ,  1 9 6 2 ) ,  158-90 .
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In  a d d i t i o n  to  s i z e ,  how ever, o th e r  f a c t o r s  may have  an  e f f e c t  on 
th e  c o s t - r e v e n u e  s t r u c t u r e  o f  a g a s o l i n e  r e t a i l  o u t l e t ,  su ch  a s  t h e  q u a l ­
i t y  o f  i t s  l o c a t i o n ,  i t s  p h y s i c a l  f a c i l i t y ,  and i t s  management. Thus, 
poo r p e rfo rm ance  may be  due to  s i z e ,  poor f a c i l i t i e s ,  o r  poo r management.
Few r e s e a r c h  s t u d i e s  have b een  found t o  have  a t te m p te d  to  s e p a r a t e
th e  m a n a g e r ia l  e f f e c t s  from l o c a t i o n ,  f a c i l i t y  c o n d i t i o n s ,  and s i z e  e f -
52f e c t s  upon th e  o p e r a t i n g  e f f i c i e n c y  o f  a  g a s o l i n e  r e t a i l  o u t l e t .  In  
g e n e r a l ,  t h e  e f f e c t s  o f  l o c a t i o n  and f a c i l i t y  c o n d i t i o n s  would r e s u l t  
i n  h ig h e r  o p e r a t i n g  c o s t s  due to  h ig h e r  r e n t  and m a in te n an c e  e x p e n d i t u r e s .
A no ther  f a c t o r  w hich  a f f e c t s  th e  c o s t  s t r u c t u r e  o f  a  g a s o l i n e  r e ­
t a i l  o u t l e t  i s  i t s  ty p e .  Thus, s t a t i o n s  o p e r a t i n g  on a  s e l f - s e r v i c e  
b a s i s  would have  low er o p e r a t i n g  c o s t s  th a n  th o s e  o p e r a t i n g  on a  f u l l -  
s e r v i c e  b a s i s .  However, d a ta  on s t a t i o n s  o p e r a t i n g  c o s t s  and p r o f i t ­
a b i l i t y  r a t i o s  by ty p e  o f  s t a t i o n  o p e r a t i o n  a r e  v i r t u a l l y  n o n e x i s t a n t .  
N e v e r t h e l e s s ,  a v a i l a b l e  s t a t i s t i c s  a r e  r e p r e s e n t a t i v e  o f  f u l l  and mixed 
s e r v i c e  o p e ra te d  s t a t i o n s  s i n c e  th o s e  o p e r a t i n g  on a s e l f - s e r v i c e  b a s i s  
c o n s t i t u t e  o n ly  a s m a l l  segm ent o f  t h e  t o t a l  s e r v i c e  s t a t i o n  p o p u la t io n  
i n  th e  U n ited  S t a t e s  (a p p ro x im a te ly  9%). B e s id e s ,  t h e  r e s u l t s  o f  th e  
p r e s e n t  a n a l y s i s  r e g a r d in g  th e  economic s i z e  o f  a  g a s o l i n e  r e t a i l  o u t l e t  
a r e  e x p lo r a t o r y  in . n a t u r e  and sh o u ld  be c o n s id e re d  a s  su c h .
52W illiam  R. K inney , J r . ,  " S e p a r a t i n g  E n v iro n m e n ta l  F a c to r  E f f e c t s  
f o r  L o c a t io n  and F a c i l i t y  D e c i s io n s , "  J o u r n a l  o f  R e t a i l i n g , V o l.  48,
No. 1 (S p r in g ,  1 9 7 2 ) ,  PP. 6 7 -7 5 ,  94; Ronald J .  D o rn o f f ,  "An A n a ly s i s  o f  
D i f f e r e n c e s  i n  th e  O p e ra t io n  and Socioeconom ic and Background F a c t o r s . . . " *
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Based on th e  above c o n s i d e r a t i o n s  i t  i s  h y p o th e s iz e d  t h a t  on th e  
a v e rag e  a s t r o n g  r e l a t i o n s h i p  e x i s t s  betw een th e  a v e rag e  t o t a l  c o s t  p e r  
u n i t  o f  o u tp u t  o f  a g a s o l i n e  s e r v i c e  s t a t i o n  and i t s  s i z e .  The l a t t e r  
i s  m easured i n  te rm s  o f  th e  s t a t i o n ' s  s a l e s  volume i n  d o l l a r s  o r  i n  
g a l lo n s  o f  g a s o l i n e  s o l d .
D ata  S o u rc e s .
The d a t a  to  be u sed  i n  th e  E m p ir ic a l  C ost A n a ly s is  Subsystem  a r e
a v a i l a b l e  from two s o u r c e s ,  and r e p r e s e n t  c o s t  f i g u r e s  on th o u san d s  o f
s e r v i c e  s t a t i o n s  l o c a t e d  th ro u g h o u t  th e  U n ited  S t a t e s .
The f i r s t  d a t a  s o u rc e  i s  th e  m a t e r i a l s  p u b l i s h e d  a n n u a l ly  by th e
A ccoun ting  C o rp o ra t io n  o f  Am erica. I t  p ro v id e s  c o m p ara t iv e  a n a l y s i s  o f
a v e rag e  o p e r a t in g  r a t i o s  f o r  s e r v i c e  s t a t i o n s  i n  th e  U n ited  S t a t e s  by
53g ro s s  volume g roups  and f o r  n in e  g e o g ra p h ic  a r e a s .
The second d a t a  s o u rc e  i s  th e  in f o r m a t io n  p ro v id e d  by Edwin K. 
W ill iam s  and Company, an a c c o u n t in g  f i r m  based  i n  S an ta  B a rb a ra ,  
C a l i f o r n i a ,  and p u b l i s h e d  a n n u a l ly  i n  th e  F ac tbook  i s s u e  o f  th e  N a t io n a l  
P e tro leu m  News. The d a t a  a r e  com piled  on t e n s  o f  th o u san d s  o f  s e r v i c e  
s t a t i o n s  o f  p r a c t i c a l l y  a l l  b ra n d s  and from ev e ry  a r e a  i n  th e  U n ited  
S t a t e s .  B e s id e s ,  t h e  d a t a  su p p ly  in f o r m a t io n  on th e  a v e ra g e  m onth ly  
g a l lo n  s a l e s  o f  g a s o l i n e ,  TBA s a l e s  a s  w e l l  a s  th e  v a r io u s  o p e r a t in g
The volume g roups  a r e  a r ra n g e d  i n  t h e  fo l lo w in g  s a l e s  volume 
c a t e g o r i e s :  Under $5 0 ,0 0 0 ; $50 ,000  -  $100 ,000; and $100,000 -  $200 ,000 . 
The g e o g ra p h ic  a r e a s  a r e :  New E n g lan d , M iddle  A t l a n t i c ,  E. N. C e n t r a l ,  
W. N. C e n t r a l ,  S. A t l a n t i c ,  E. S. C e n t r a l ,  W. S. C e n t r a l ,  M ountain  and 
P a c i f i c .
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r a t i o s  o f  g a s o l i n e  s e r v i c e  s t a t i o n s  a r ra n g e d  by g e o g ra p h ic  r e g io n s ,  
s t a t e s ,  and s e l e c t e d  c i t i e s  i n  t h e  U n ited  S t a t e s .
I t  i s  b e l i e v e d  t h a t  t h e  d a t a  a v a i l a b l e  from th e s e  s o u rc e s  a r e  con­
s i s t e n t  and a v o id  most o f  th e  p rob lem s a s s o c i a t e d  w i th  e m p i r i c a l  c o s t  
a n a l y s i s  o f  c r o s s - s e c t i o n a l  o b s e r v a t io n s  su ch  a s  th e  l a c k  o f  c o n s i s te n c y  
i n  c o s t  m easurem ent, and th e  hom ogenie ty  o f  o u t p u t s .
I t  i s  e x p ec te d  t h a t  a  knowledge o f  th e  a v e ra g e  Economic s i z e ( s )  o f  
a  g a s o l i n e  s e r v i c e  s t a t i o n  o b ta in e d  a s  a r e s u l t  o f  th e  e m p i r i c a l  c o s t  
a n a l y s i s  su g g e s te d  above would p e rm i t  an  e s t i m a t i o n  o f  th e  a v e rag e  c a p i t a l  
in v e s tm e n t  in v o lv e d  i n  th e  e s t a b l i s h m e n t  o f  a  g a s o l i n e  s e r v i c e  s t a t i o n  
o f  a  g iv en  s i z e  and i n  a  g iv e n  m ark e t  a r e a .
Chapter I I I
An Overview o f  t h e  M o d e l 's  Components and 
B a s ic  P r o c e d u re s ,  P a r t  Two.
The L o c a t io n - A l lo c a t io n  S ubsystem .
The L o c a t io n - A l lo c a t io n  subsys tem  c o n s i s t s  o f  a  s e t  o f  s e a rc h  
p ro c e d u re s  whereby h ig h  p o t e n t i a l  a r e a s  f o r  l o c a t i n g  g a s o l i n e  r e t a i l  
o u t l e t s  a r e  i s o l a t e d .  F e a s i b i l e  o u t l e t  s i t e s  w i t h i n  t h e s e  a r e a s  a r e  th en  
s e l e c t e d  s u b j e c t  to  a  number o f  l o c a t i o n a l  c r i t e r i a .  The l a t t e r  w i l l  
be d e r iv e d  from a re v ie w  o f  t h e  l i t e r a t u r e  p e r t a i n i n g  to  r e t a i l  l o c a t i o n  
m ethods in  g e n e r a l ,  and to  t h e  f a c t o r s  u n d e r ly in g  consum ers ' c h o ic e  and 
r e p e a te d  p a t ro n a g e  o f  one o r  more g a s o l i n e  r e t a i l  o u t l e t s  i n  p a r t i c u l a r .
a .  R e t a i l  L o c a t io n  M ethods: An Overview.
The m ethods o f  d e te r m in in g  r e t a i l  o u t l e t . l o c a t i o n s  a r e  concerned  
w i th  t h e  i d e n t i f i c a t i o n ,  a n a l y s i s ,  and e v a l u a t i o n  o f  v a r io u s  f a c t o r s  
w hich a f f e c t  th e  l o c a t i o n a l  v i a b i l i t y  o f  e x i s t i n g  o r  p roposed  r e t a i l  
o p e r a t i o n s .  They f a l l  i n t o  t h r e e  b ro ad  c a t e g o r i e s :
1 . The C h e c k l i s t  m ethod,
2. The T r a f f i c - T r a d e  C o r r e l a t i o n  m ethod, TTC, and
3 . The T rad in g  A rea  A n a ly s is  m ethod, TA.
The o b j e c t i v e  o f  t h e  p r e s e n t  s e c t i o n  i s  to  p r e s e n t ,  a n a ly z e  and e v a lu a t e  
t h e  p r i n c i p l e s  upon w hich  r e t a i l  o u t l e t  l o c a t i o n  m ethods a r e  b a se d .
1 . The C h e c k l i s t  M ethod.
The c h e c k l i s t  method i s  t h e  m ost e le m e n ta ry  te c h n iq u e  o f  r e t a i l  
s i t e  s e l e c t i o n  and e v a l u a t i o n .  I t  c o n s i s t s  o f  a  l i s t i n g  o f  a  number o f  
l o c a t i o n - s p e c i f i c  f a c t o r s  a lo n g  w hich  a l t e r n a t i v e  r e t a i l  s i t e s  a r e  e v a l ­
u a t e d .  The s i t e s  a r e  u s u a l l y  r a n k - o r d e r e d  i n  te rm s  o f  t h e i r  com posite
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s c o r e s  on t h e s e  f a c t o r s ,  and th e  most f a v o r a b le  s i t e  from th e  p o in t  o f  
v iew  o f  a  p a r t i c u l a r  r e t a i l  o p e r a t i o n  i s  th e n  s e l e c t e d .
The c h e c k l i s t  method h as  been  e x t e n s i v e l y  a p p l i e d  by r e a l  e s t a t e  
a g e n ts  i n  e v a l u a t i n g  a l t e r n a t i v e  s i t e s  f o r  s m a l l  r e t a i l  f a c i l i t i e s  such  
a s  g a s o l i n e  s e r v i c e  s t a t i o n s , ^4 bank b r a n c h e s , a n d  th e  l i k e .  One o f  
t h e  most d e t a i l e d  c h e c k l i s t s ,  however, was p u b l i s h e d  by R ic h a rd  N e lso n JO 
i n  which he  l i s t e d  e i g h t  m ajo r  s i t e  e v a l u a t i o n  f a c t o r s  w hich a r e :  t r a d i n g  
a r e a  p o t e n t i a l ,  a c c e s s i b i l i t y ,  g row th p o t e n t i a l  o f  th e  a r e a ,  b u s in e s s  
i n t e r c e p t i o n ,  c u m u la t iv e  a t t r a c t i o n ,  c o m p a t i b i l i t y ,  c o m p e t i t iv e  h a z a r d ,  
and s i t e  econom ics . Each o f  t h e s e  f a c t o r s  was f u r t h e r  d iv id e d  i n t o  a 
number o f  s u b f a c t o r s .  For exam ple, a c c e s s i b i l i t y  i s  a  co m p o s i te  f a c t o r  
o f  p u b l i c  and p r i v a t e  t r a n s p o r t a t i o n ,  e x i s t i n g  and p lan n ed  s t r e e t  n e t ­
w orks , t r a f f i c  c o u n t s ,  and p a rk in g  f a c i l i t i e s .
2. The T r a f f i c - T r a d e  C o r r e l a t i o n  M ethod.
The TTC m ethod, a s  i t s  name i m p l i e s ,  i s  co n ce rn ed  w i th  th e
54R. J .  C la u s ,  D. C. R o th w e l l ,  and J .  B o tto m ley , "M easuring  th e  
Q u a l i ty  o f  a  Low-Order R e t a i l  S i t e , "  Economic G eography, V o l.  48 , No. 2 
( A p r i l ,  197 2 ),  169 -78 ; W ill iam  R. B eaton  and Thomas H. H a l l , " S e r v i c e  
S t a t i o n  S i t e  C o n s id e r a t io n  on th e  I n t e r s t a t e  H ighway," The A p p r a i s a l  
J o u r n a l  (O c to b e r ,  1 9 6 8 ) ,  559-67 .
W. A le x a n d e rso n ,  *'Bank Branch L o c a t io n  F e a s i b i l i t y  A n a l y s i s , "
The R ea l  E s t a t e  A p p ra i s e r  ( J u ly -A u g u s t ,  1 9 6 9 ) ,  4 3 -8 ;  --------------, Thomas H.
H a l l ,  I I I . ,  and W ill iam  R. B ea to n ,  " A p p r a i s a l  A n a ly s i s  o f  Bank Branch 
S i t e s , "  The A p p r a i s a l  J o u r n a l  ( J u l y ,  1 9 6 5 ) ,  336-43 .
■^R ichard  L. N e lso n ,  The S e l e c t i o n  o f  R e t a i l  L o c a t io n s  (New York:
F. W. Dodge C o r p o r a t io n ,  1 9 5 8 ) ,  PP. 328-50 ; " P r i n c i p l e s  o f  R e t a i l  Loca­
t i o n , "  i n  Ronald R. G i s t ,  e d . ,  Management P e r s p e c t i v e s  i n  R e t a i l i n g , 2nd. 
ed.(New Y ork: John W iley & S ons , I n c . ,  1971), PP. 204-209 .
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e s ta b l i s h m e n t  o f  c e r t a i n  r e l a t i o n s h i p s  betw een th e  t r a f f i c  go in g  p a s t  a
r e t a i l  f a c i l i t y  and t h e  amount o f  t h a t  t r a f f i c  w hich can  be c o n v e r te d
i n t o  t r a d e .  The m ethod, by a n a ly z in g  a number o f  e x i s t i n g  r e t a i l  l o c a ­
t i o n s ,  e s t a b l i s h e s  an  in d e x  o f  TTC w h ich -can  be used  i n  e v a lu a t in g  new 
l o c a t i o n s .
The method o f  TTC i s  p o p u la r  among o i l  com panies where i t  i s  used
to  a s s e s s  th e  volume o f  g a s o l i n e  t h a t  can  be s o ld  by a s e r v i c e  s t a t i o n  o f
a  g iv e n  s i z e  and a t  a  p a r t i c u l a r  l o c a t i o n .  F o r  exam ple, "American O i l
Company e s t i m a t e s  t h a t  t h r e e  c a r s  p e r  th o u san d  w i l l  s to p  on a  r e s i d e n t i a l
s t r e e t ,  f i v e  c a r s  p e r  th o u san d  on an  a r t e r i a l  s t r e e t  i n  a  c i t y ,  and e i g h t
c a r s  p e r  th o u san d  on a  U. S. h ighw ay; and i t  e s t i m a te s  th e  a v e rag e  p u r -
58c h ase  w i l l  be  n in e  g a l l o n s  p e r  c a r  p e r  s t o p . "
3 . The Method o f  T rad in g  Area A n a ly s i s  (TA).
A r e t a i l  c e n t e r ' s  t r a d i n g  a r e a  i s  th e  g e o g ra p h ic  a r e a  from w hich  i t  
draws m ost o f  i t s  c u s to m e rs .  G e n e r a l ly  s p e a k in g ,  TA s t u d i e s  aim a t  e x p lo ­
r i n g  t h e  g e o g ra p h ic ,  so c ioeconom ic  and dem ographic  d im en s io n s  o f  a r e t a i l
c e n t e r ' s  m a rk e t  a r e a  f o r  t h e  p u rp o se  o f  a c h ie v in g  one o r  more o f  th e
59fo l lo w in g  o b j e c t i v e s :
•^K enneth  D. H u tc h in so n ,  " T r a f f i c  and T rade C o r r e l a t i o n s :  A Tech­
n iq u e  i n  S to r e  L o c a t io n , "  J o u r n a l  o f  M a r k e t in g , V ol. 5 ,  No. 2 (O c to b e r ,  
1 9 4 0 ) ,  137-43 .
"*®Walstein B e n n e t t  S m ith , J r . , "O p tim iz in g  D e c is io n s  i n  R e t a i l  
S to r e  L o c a t io n s  by M ark e t in g  A n a ly s i s  and R ea l  E s t a t e  A p p r a i s a l s "  (Ph.D. 
D i s s e r t a t i o n ,  t h e  U n i v e r s i t y  o f  Texas a t  A u s t in ,  1 9 6 9 ) ,  PP. 122-123 .
■*^Bert Rosenbloom, "The T rade  A rea  Mix and R e t a i l i n g  Mix: A R e t a i l  
S t r a t e g y  M a t r i x , "  J o u r n a l  o f  M a r k e t in g , V o l.  40 , No. 4 (O c to b e r ,  197 6 ) ,  
59 -6 5 .
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1. to  i d e n t i f y  th e  v a r io u s  f a c t o r s  a f f e c t i n g  th e  l o c a t i o n a l  v i a b i l ­
i t y  o f  a  g iv e n  r e t a i l  o p e r a t i o n ,
2. to  f a c i l i t a t e  t h e  d e s ig n  and im p le m en ta t io n  o f  an  e f f e c t i v e  
r e t a i l i n g  m ix , and f i n a l l y
3. to  a c q u i r e  in f o r m a t io n  deemed u s e f u l  by th e  l o c a t i o n  a n a l y s t  f o r  
a s s e s s i n g  th e  s u i t a b i l i t y  o f  a  p roposed  s i t e  f o r  a  p a r t i c u l a r  
r e t a i l  o p e r a t i o n  ( th e  Analogue M ethod) .
The co n ce p t  o f  a  t r a d i n g  a r e a  i s  b a se d  on th e  a ssu m p tio n  t h a t
most co n su m ers '  sh o p p in g  t r i p s  a r e  hom e-based , s i n g l e - p u r p o s e  t r i p s
d u r in g  which consum ers p a t r o n i z e  th e  n e a r e s t  r e t a i l  f a c i l i t y  o f f e r i n g
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th e  d e s i r e d  goods and s e r v i c e s .  Many TA a n a l y s t s  r e f e r  to  Z i p f ' s  
" p r i n c i p l e  o f  l e a s t  e f f o r t "  i n  s u p p o r t  o f  such  an a s s u m p t i o n . I t  i s  
b e l i e v e d ,  how ever, t h a t  such a r e f e r e n c e  r e f l e c t s  a  g ro s s  m isu n d e r­
s t a n d i n g  o f  Z i p f ' s  p r i n c i p l e  i n  t h a t  th e  term  " l e a s t  e f f o r t "  h a s  been  
ta k e n  to  mean " s h o r t e s t  d i s t a n c e . "
Z ip f  c o n s id e r e d  human e f f o r t  to  be  a  f u n c t i o n 'o f  t im e ,  w ork , and 
d i s t a n c e .  He s t a t e d  t h a t  "a p e rso n  i n  s o lv in g  h i s  im m ediate  problem s 
w i l l  view  them a g a i n s t  th e  background  o f  h i s  p ro b a b le  f u t u r e  p r o b l e m s . . .  
(and) w i l l  s t r i v e  to  s o l v e  h i s  problem s i n  such  a  way a s  to  m i n i m i z e . . .
th e  p ro b a b le  a v e ra g e  r a t e  o f  h i s  work e x p e n d i tu r e  o v e r  t im e .  And i n  so
62d o in g  h e  w i l l  b e  m in im iz in g  h i s  e f f o r t . "  As su c h ,  th e  p r i n c i p l e  can  b e
^ G e o r g e  K in g s ly  Z ip f ,  Human B eh av io r  and th e  P r i n c i p l e  o f  L e a s t  
E f f o r t  (Cam bridge, M a s s a c h u s e t t s : A ddison-W esley P r e s s ,  I n c . ,  1949).
D. F orbes  and W.T.Ziemba, " E s t im a t io n  o f  S uperm arke t Draw­
in g  Power: An E x te n s io n  o f  L o c a t io n  Theory and P r a c t i c e , "  The A nnals o f  
R eg io n a l  S c ie n c e , V o l.  5 ,  No. 2(December, 1971); and r e f e r e n c e s  c i t e d  
t h e r e .
62George K. Z i p f ,  Human B e h a v i o r . . . , P .  1.
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c o n s id e re d  a s  an ap p ro ach  t o  human problem  s o lv in g  whereby a  s o l u t i o n  i s  
sough t s u b j e c t  to  an op tium  (minimum) co m b in a tio n  o f  work, t im e  and 
d i s t a n c e .  In  t h i s  r e s p e c t ,  Z i p f ' s  p r i n c i p l e  i s  c o m p a t ib le  w i th  S t o u f f e r ' s  
co n cep t  o f  " i n t e r v e n i n g  o p p o r t u n i t i e s , " ^  i n  t h a t  b o th  c o n c e p ts  u n d e r l i e  
consum ers ' c h o ic e  p ro c e s s  among s p a t i a l  a l t e r n a t i v e s .  T h e re fo re ,  th e  
above s ta t e m e n t  c o n ce rn in g  consumer shopp ing  p a t t e r n s  sh o u ld  be a l t e r e d  
to  r e a d :  consum ers w i l l  te n d  to  shop a t  th e  f i r s t  i n t e r v e n i n g  o p p o r tu n i ty  
o f f e r i n g  th e  d e s i r e d  goods and s e r v i c e s .  The s i g n i f i c a n c e  o f  such  a 
s ta t e m e n t  w i l l  become a p p a r e n t  l a t e r  i n  t h i s  c h a p te r .
a )  T rad in g  Area M easurem ent.
The co n ce p t  o f  a  t r a d i n g  a r e a  s u r ro u n d in g  a  r e t a i l  f a c i l i t y  has  a 
s p e c i a l  a p p e a l  to  economic g e o g ra p h e rs  and m a rk e t in g  s c h o l a r s ,  and has  
f o r  lo n g  s t i r r e d  up c o n t r o v e r s y  o v e r  th e  s i z e  and shape  o f  such  an a r e a .
In  g e n e r a l ,  t r a d i n g  a r e a s  p la y  an  im p o r ta n t  r o l e  i n  th e  p ro c e s s  o f  e s t a b ­
l i s h i n g  r e t a i l  f a c i l i t i e s ,  p la n n in g  m erch an d ise  s t r a t e g i e s ,  and e v a lu ­
a t i n g  th e  p r o f i t a b i l i t y  o f  e x i s t i n g  r e t a i l  o p e r a t i o n s .
Over th e  y e a r s ,  many te c h n iq u e s  have been  developed  f o r  t h e  m easure­
ment o f  t r a d i n g  a r e a s  w hich ranged  from th e  e m p i r i c a l  m ethods o f  s p o t t i n g  
cu s to m ers  on g e o g r a p h ic a l  maps, to  th e  u s e  o f  s o p h i s t i c a t e d  m ode ls .  The 
l a t t e r  a r e  d i r e c t  d e sc e n d a n ts  o f  t h e  " r e t a i l  g r a v i t a t i o n "  model deve loped
63S . A. S t o u f f e r ,  " I n t e r v e n i n g  O p p o r t u n i t i e s : A Theory R e l a t i n g  
M o b i l i ty  and D i s t a n c e , "  American S o c io lo g i c a l  Review, V ol. 5 (1940 ) , 
845-67 ; Theodore R. A nderson , " I n t e r - M e t r o p o l i t a n  M ig ra t io n :  A Comparison 
o f  th e  H ypotheses  o f  Z ip f  and S t o u f f e r , "  American S o c io lo g i c a l  Review,
V ol. 20, No. 3 ( Ju n e ,  1 9 5 5 ) ,  287-91 .
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by W ill iam  J .  R e i l l y  a s  a r e s u l t  o f  h i s  s tu d y  o f  o u t - o f - to w n  sh o p p in g
64b e h a v io r  i n  l a r g e r  c i t i e s  o f  T exas. R e i l l y ’s  m odel, and v a r i a n t s  
t h e r e o f  have  b een  a p p l i e d  w i th  v a ry in g  s u c c e s s  to  th e  problem  o f  t r a d ­
in g  a r e a  d e l i n e a t i o n  and m easurem ent. I n  t h e  fo l lo w in g  p a r t  o f  th e  
p r e s e n t  s e c t i o n  two im p o r ta n t  methods o f  TA m easurem ent, V i z . ,  cu s tom er 
s p o t t i n g  te c h n iq u e s  and g r a v i t y  m odels , w i l l  b e  p r e s e n te d ,  a n a ly z e d ,  
and e v a lu a t e d .
1. Customer S p o t t i n g  T ech n iq u e .
Customer s p o t t i n g  te c h n iq u e  u ses  in f o r m a t io n  on c u s to m e rs '  a d d r e s ­
s e s  i n  o r d e r  to  d e te rm in e  t h e i r  l o c a t i o n  i n  th e  v i c i n i t y  o f  a  r e t a i l  
s t o r e .  The in f o r m a t io n  a re  u s u a l l y  o b ta in e d  v i a  a  v a r i e t y  o f  r e s e a r c h  
te c h n iq u e s  ra n g in g  from th e  u se  o f  u n o b t r u s iv e  methods such  as  l i c e n s e  
p l a t e  num bers, s a l e s  s l i p s ,  bank c h ec k s ,  c r e d i t  r e c o r d s ;  to  su rv ey
r e s e a r c h  te c h n iq u e s  su ch  as  i n - s t o r e  i n t e r v i e w s ,  s e l f  com ple ted  q u e s -  
65t i o n n a i r e s ,  e t c .
C u sto m ers ’ l o c a t i o n s  a r e  u s u a l l y  s p o t t e d  on a  to p o g r a p h ic a l  map o f  
th e  s t o r e ' s  m arke t a r e a  showing p o p u la t io n  c l u s t e r s ,  l a n d  u se  p a t t e r n s ,  
and th e  l o c a t i o n s  o f  c o m p e t i t o r s .  " C o n c e n t r ic  d i s t a n c e  r i n g s "  a r e
l*>
th e n  drawn around  th e  s t o r e ' s  l o c a t i o n  r e p r e s e n t i n g  zones o f  " p r im a ry " ,  
" s e c o n d a ry " ,  and " t e r t i a r y " - m a r k e t  a r e a s .  The s t o r e ' s  p e r  c a p i t a  s a l e s
^ W i l l i a m  J .  R e i l l y ,  Methods f o r  th e  S tudy o f  R e t a i l  . . .  .
^ W i l l i a m  Applebaum, "Methods f o r  D e te rm in in g  S to r e  T rad in g  
A re as ,  M arket P e n e t r a t i o n  and P o t e n t i a l  S a l e s , "  J o u r n a l  o f  M a rk e t in g , 
Vol. 15, No. 2 ( 0 c to b e r ,  1951), 172-78; A u s t in  S . B r a t c h e r ,  "A Method 
o f  D e l in e a t in g  R e t a i l  Trade Z o n e s ,"  J o u r n a l  o f  M a rk e t in g , V o l. 3 
( J a n u a ry ,  19.39), 262 -64 .
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i n  c o n ju n c t io n  w i th  a v a i l a b l e  in f o r m a t io n  on consum ers ' income l e v e l s  
and a s s o c i a t e d  e x p e n d i tu r e s  on p a r t i c u l a r  p ro d u c t  c a t e g o r i e s  a r e  th e n  
used  to  c a l c u l a t e  th e  a r e a ' s  m arke t p o t e n t i a l  and th e  s t o r e ' s  s a l e s  
p o t e n t i a l  a s  w e l l  a s  i t s  m arke t p e n e t r a t i o n  l e v e l s  in  each  d i s t a n c e  zone. 
The Analogue M ethod.
The method o f  t r a d i n g  a r e a  a n a l y s i s  u s in g  custom er s p o t t i n g  t e c h -  
n iq u e s  i s  a s s o c i a t e d  w i th  i t s '  exponen t W ill iam  Applebaum, a  m a rk e t in g  
g e o g ra p h e r ,  who su g g e s te d  t h a t  t h e  method be used  t o  d e te rm in e  th e  t r a d i n g  
a r e a  o f  a  p roposed  r e t a i l  f a c i l i t y  on th e  b a s i s  o f  in f o r m a t io n  o b ta in e d  
by a n a ly z in g  th e  t r a d i n g  a r e a s  o f  e x i s t i n g  r e t a i l  f a c i l i t i e s  o f  s i m i l a r  
s i z e ,  l o c a t i o n  ty p e ,  and o p e r a t i n g  c h a r a c t e r i s t i c s .
M ath em a tica l  R e f in em en t . A lthough  Applebaum d id  n o t  c a r r y  h i s  
method o f  t r a d i n g  a r e a  a n a l y s i s  f u r t h e r ,  t h e r e  e x i s t s  a  s i g n i f i c a n t  p o s s i ­
b i l i t y  f o r  a  q u a n t i t a t i v e  r e f in e m e n t  o f  h i s  method w hich we s h a l l  e x p lo re  
a s  f o l l o w s .
L e t  a s t o r e ' s  t r a d i n g  a r e a  be s u b d iv id e d  i n t o  'm ' s u b a r e a s ,  s ay
Census T r a c t s ,  each  w i th  a  p o p u la t io n  o f  i n d i v i d u a l s ,  i = l , 2 , . . . , m .  
i=m
D e f i n e P = SUMPj a s  t h e  t o t a l  m arke t a r e a  p o p u la t i o n .  L e t  N be  th e  s i z e  
i = l  1
o f  a  random sam ple o f  th e  s t o r e ' s  cu s to m ers  o f  w hich n^ cu s to m ers  a r e  
lo c a t e d  i n  cen su s  t r a c t  i ,  and l e t  be  th e  t o t a l  number o f  cu s to m ers  
i n  t r a c t  i .
N ex t,  c o n s id e r  t h e  q u a n t i t y  C^/P w hich i s  t h e  r a t i o  o f  th e  t o t a l
^^W illiam  Applebaum, "Methods f o r  D e t e r m i n i n g . . . " .
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number o f  th e  s t o r e ' s  cu s to m ers  l o c a t e d  I n  T r a c t  1 to  th e  t o t a l  p o p u la ­
t i o n  o f  th e  m ark e t  a r e a .  An u n b ia se d  e s t i m a to r  o f  C^/P i s  th e  sample
A
p r o p o r t i o n ,  i u /N,  o r  E(n^/N) = C^/P, and c o n se q u e n t ly  C ^ /P ^ n ^ /N .
Given th e  v a lu e s  o f  P , n ^ ,  and N, th e  e s t im a te d  number o f  custom ers
A
l o c a t e d  i n  a g iv en  subm arket a r e a  i  can  be computed a s  = (n^ /N )(P )  •
A
The v a lu e  o f  can th e n  be used  to  c a l c u l a t e  th e  s t o r e ' s  e s t im a te d  m ar-
A
k e t  p e n e t r a t i o n  l e v e l  i n  Census T r a c t  i ,  C^/P , g iv e n  P^, t h e  p o p u la t io n  
o f  T r a c t  i .  I n  a d d i t i o n ,  t h e  e s t im a te d  number o f  cu s to m ers  from a l l  
T r a c t s  sho p p in g  a t  th e  s t o r e  can a l s o  be computed u s in g  th e  fo l lo w in g  
r e l a t i o n s h i p :
i=m /v ,
E (T o ta l  Number o f  Custom ers) =SUM ( C . / P ) ( P . ) .
i = l  1 1
With a  knowledge o f  p e r  c a p i t a  e x p e n d i tu r e s  on a  g iv e n  p ro d u c t  
c a te g o ry  i n  each  cen su s  t r a c t  i ,  i = l , 2 , . . . , m ,  th e  s t o r e ' s  e s t im a te d  t o t a l  
s a l e s ,  TS, can  be computed a s  f o l l o w s :
i=m /«. ,
E(TS) = SUM K.P. (C ./P )  ,   3 .1
i = l  1 1  1
w here K̂, i s  t r a c t  i ' s  p e r  c a p i t a  e x p e n d i tu r e s  on a p a r t i c u l a r  p ro d u c t  
c a te g o r y .
2 .  G ra v i ty  M odels.
The q u e s t i o n  o f  why c e r t a i n  p l a c e s  a r e  more f r e q u e n t l y  v i s i t e d  th a n  
o t h e r s  has  f o r  lo n g  a t t r a c t e d  t h e  a t t e n t i o n  o f  s o c i o l o g i s t s ,  economic 
g e o g ra p h e rs ,  and m a rk e t in g  s c h o l a r s  a l i k e .  One o f  t h e  e a r l i e s t  e x p la n ­
a t i o n s  o f  such  a  phenomenon p a r to o k  from th e  Newtonian co n ce p t  o f  
u n i v e r s a l  g r a v i t a t i o n .  Thus, i n d i v i d u a l s  a r e  s a i d  t o  be s u b j e c t  to  t h e  
" g r a v i t a t i o n a l  a t t r a c t i o n "  o f  d i f f e r e n t  p l a c e s  w i th  t h e  " f o r c e "  e x e r t e d
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by a  g iv e n  p la c e  b e in g  d i r e c t l y  p r o p o r t i o n a l  to  th e  p l a c e ’s p o p u la t io n  
s i z e  and i n v e r s l y  p r o p o r t i o n a l  to  i t s  d i s t a n c e  from th e  i n d i v i d u a l .  
Because th e y  s t r e s s  th e  i d e a  o f  g r a v i t a t i o n a l  a t t r a c t i o n ,  such  models 
have been  term ed " G ra v i ty  M o d e ls ."  One o f  th e  e a r l i e s t  m a th e m a t ic a l  
r e p r e s e n t a t i o n s  o f  su ch  m odels was advanced by W ill iam  J .  R e i l l y  i n  what 
he c a l l e d  "The Law o f  R e t a i l  G r a v i t a t i o n . " ^
R e i l l y ’ s  M odel.
Upon exam in ing  t h e  s a l e s  o f  l e a d i n g  s t o r e s  i n  l a r g e r  c i t i e s  i n  
Texas and c o n d u c t in g  h o u s e - to - h o u s e  in t e r v i e w s  i n  an e f f o r t  to  d e te rm in e  
consumer buy ing  h a b i t s ,  and by c h eck in g  th e  d e p th  and b r e a d th  o f  a s s o r t ­
m ents c a r r i e d  by r e t a i l  s t o r e s  f o r  v a r io u s  p ro d u c t  c a t e g o r i e s ,  R e i l l y
s t a t e d  h i s  Law o f  R e t a i l  G r a v i t a t i o n  a s  fo l lo w s :
Two C i t i e s  draw t r a d e  from a  s m a l l e r  in t e r m e d ia t e  
c i t y  o r  town a p p ro x im a te ly  i n  d i r e c t  p r o p o r t io n
to  t h e  f i r s t  power o f  th e  p o p u la t io n  o f  t h e s e  two
l a r g e r  c i t i e s  and i n  i n v e r s e  p r o p o r t i o n  to  th e  
s q u a re  o f  th e  d i s t a n c e  o f  e ach  o f  th e  two l a r g e r  
c i t i e s  from th e  s m a l l e r  i n t e r m e d i a t e  c i t y .
In  t h e  m a th e m a t ic a l  ap p en d ix  to  h i s  monograph, R e i l l y  fo rm u la te d  
h i s  Law as  f o l l o w s :
Ba Pa N Db n
-  = ( -  ) . ( — )   3 .2
*b Pb Da
where Ba = th e  b u s in e s s  w hich c i t y  A draws from in t e r m e d i a t e  town T,
B^W illiam  J .  R e i l l y ,  Methods f o r  t h e  S tudy  o f  R e t a i l  R e l a t i o n s h i p s .
68I b i d . , P.  16.
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Bjj= th e  b u s in e s s  w hich c i t y  B draws from i n t e r m e d ia t e  town T,
Pa = p o p u la t i o n  o f  c i t y  A,
Pjj= p o p u la t i o n  o f  c i t y  B,
Da= d i s t a n c e  o f  c i t y  A from  in t e r m e d i a t e  town T,
d i s t a n c e  o f  c i t y  B from  i n t e r m e d i a t e  town T, and
N,n = a r e  p a ra m e te r s  t o  be  e s t i m a te d .
R e i l l y  s u g g e s te d  t h a t  e m p i r i c a l  e v id e n c e  s u p p o r t s  t h e  u se  o f  th e  
f i r s t  power o f  t h e  p o p u la t io n  (N=l) and th e  second power o f  th e  d i s t a n c e
R e i l l y ' s  model i s  d e r i v a b l e  from N ew ton 's  Law o f  U n iv e r s a l  G r a v i t a ­
t i o n ,  t h e  f a c t  t h a t  r e f l e c t s  t h e  b e l i e f  commonly h e ld  by a number o f  
s o c i a l  s c i e n t i s t s  a t  t h e  t im e  t h a t  s o c i a l  phenomena a r e  e x p la i n a b le  by 
p h y s i c a l  la w s . R e i l l y ,  how ever, c a u t io n e d  t h a t  " th e  law o f  r e t a i l  g r a v i ­
t a t i o n  i n t e r p r e t s  a  ten d en cy  tow ards  o u t s i d e  b u y i n g . . . (and) i s  o f f e r e d  a s  
a s i m p l i f i e d  summary o f  e x i s t i n g  c o n d i t i o n s , " ^  and su g g e s te d  t h a t  a 
number o f  o t h e r  " c a u s a l  f a c t o r s "  be c o n s id e re d  when m easu rin g  r e t a i l  
t r a d e  t e r r i t o r i e s .  They a r e : 7^
1 . L in e s  o f  t r a n s p o r t a t i o n
2. L in e s  o f  com m unication
69A c tu a l l y  t h e  v a l u e  o f  n ,  t h e  d i s t a n c e  e x p o n en t ,  ran g ed  from z e ro  
t o  1 2 .5  . However, i n  87 o f  t h e  255 c a s e s  examined by R e i l l y  t h e  v a l u e  o f  
n  was i n  t h e  r a n g e  o f  1 .5 1 - 2 .5  . I b i d . , PP. 49 -5 0 .
70I b i d . , PP. 18 -1 9 .
71I b i d . , PP. 21 -22 .
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3 .  C la s s  o f  consum ers I n  th e  t e r r i t o r y  su r ro u n d in g  th e  m arke t
4 . D e n s i ty  o f  p o p u la t i o n  i n  th e  t e r r i t o r y  s u r ro u n d in g  th e  m arke t
5 . P ro x im i ty  o f  t h e  m ark e t  to  a  l a r g e r  c i t y  m ark e t
6 . B u s in e s s  a t t r a c t i o n  o f  th e  c i t y
7. The s o c i a l  and amusement a t t r a c t i o n  o f  t h e  c i t y
8 . The n a t u r e  o f  t h e  c o m p e t i t io n  o f f e r e d  by s m a l l e r  c i t i e s  and towns 
i n  t h e  s u r ro u n d in g  t e r r i t o r y
9. D is ta n c e  w hich  p r o s p e c t iv e  cus tom ers  must t r a v e l  i n  o r d e r  to  
r e a c h  th e  m ark e t  and th e  p sycho logy  o f  d i s t a n c e  p r e v a i l i n g  i n  
t h a t  p a r t  o f  t h e  c o u n try
10. The t o p o g r a p h ic a l  and c l i m a t i c  c o n d i t i o n s  p e c u l i a r  to  t h e  c i t y  
and i t s  s u r ro u n d in g  t e r r i t o r y .
a )  P o t e n t i a l  M o d e ls .
P o t e n t i a l  m odels  a r e  means f o r  d e l i n e a t i n g  and i d e n t i f y i n g  th e  s i z e  
and th e  g e o g ra p h ic  c h a r a c t e r  o f  a  g iv e n  r e t a i l  c e n t e r ' s  m ark e t  a r e a .  They 
a r e  d i r e c t  d e sc e n d a n ts  o f  t h e  g r a v i t y  model i n  t h a t  th e y  embrace th e  con­
c e p t  o f  a  r e t a i l  c e n t e r ' s  "d raw ing  Power" w hich i s  s a i d  t o  d i s s i p a t e  w i th  
i n c r e a s i n g  d i s t a n c e  from  th e  c e n te r ' .
In  h i s  monograph on th e  methods f o r  th e  s tu d y  o f  r e t a i l  r e l a t i o n ­
s h i p s ,  R e i l l y  made th e  o b s e r v a t io n  t h a t  a  g iv e n  r e t a i l  c e n t e r ' s  a b i l i t y  
to  s e l l  goods d i s s i p a t e s  w i th  in c r e a s e d  d i s t a n c e  from  th e  c e n t e r .  The 
p o i n t  a t  w hich  th e  c e n t e r  i s  no l o n g e r  a b l e  to  s e l l  t h e  goods d em arca te s  
t h e  boundary  o f  i t s  t r a d i n g  a r e a .  R e i l l y  a l s o  o b se rv ed  t h a t  t h e  e x t e n t  
o f  a  r e t a i l  c e n t e r ' s  t r a d i n g  a r e a ,  and a l t e r n a t i v e l y  i t s  draw ing  power, 
d i f f e r s  w i th  r e s p e c t  t o  t h e  ty p e  o f  goods h an d led  by th e  c e n t e r .  Thus, 
th e  t r a d i n g  a r e a  o f  a  c o n v en ie n c e  r e t a i l  o u t l e t  i s  u s u a l l y  c o n f in e d  to
i t s  im m edia te  n e ig h b o rh o o d ,  w h i l e  t h a t  o f  a c e n t e r  h a n d l in g  " f a s h io n
72goods" i s  o f  a  w id e r  r a n g e .  A
72I b i d . , P. 10.
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The f i r s t  e x p l i c i t  f o r m u la t io n  o f  a  p o t e n t i a l  m odel,  how ever, was 
p r e s e n te d  by John Q. S te w a r t  i n  h i s  r e s e a r c h  on dem ographic  g r a v i t a t i o n .  J  
S te w a r t  m easured  th e  p o p u la t io n  p o t e n t i a l  f o r  one coun ty  a s  t h e  sum o f  
th e  p o p u la t io n  o f  a l l  o t h e r  c o u n t i e s  d iv id e d  by t h e i r  r e s p e c t i v e  d i s t a n c e s  
from th e  b a se  c o u n ty .  The p ro c e d u re  was th e n  r e p e a te d  f o r  each  co u n ty  and 
th e  r e s u l t s  were used  to  draw i s o p o t e n t i a l  c o n to u rs  showing th e  draw ing  
power o f  p o p u la t io n  c e n t e r s .  In  a  l a t t e r  work, Chuncy D. H a r r i s ^  and 
Edgar S. D u n n ^  r e p l a c e d  p o p u la t io n  w i th  s a l e s  and u sed  t r a n s p o r t a t i o n  
c o s t s  a s  a  r e f in e m e n t  o f  d i s t a n c e  i n  S t e w a r t ' s  fo rm u la  i n  an e f f o r t  to  
m easure  th e  m ark e t  p o t e n t i a l  o f  a  g iv e n  c e n t e r .
D e r i v a t i o n .
In  R e i l l y ' s  Law o f  R e t a i l  G r a v i t a t i o n ,  t r a d e  from an  i n t e r m e d ia t e  
town T ’to  c i t y  A f lo w s  i n  d i r e c t  p r o p o r t i o n  t o  c i t y  A 's  r e l a t i v e  p o te n ­
t i a l .  T h is  can be shown a s  fo l lo w s :
^ John  Q. S te w a r t ,  "Demographic G r a v i t a t i o n :  E v idence  and A p p l ic a ­
t i o n s , "  jSoc iom etr^ , V o l.  11 (February-M ay, 1 9 4 8 ) ,  3 1 -5 8 ;  "An I n v e r s e  
D is ta n c e  V a r i a t i o n  F or C e r t a i n  S o c i a l  I n f l u e n c e s , "  S c ie n ce  (J a n u a ry  24 , 
19 4 1 ) ,  8 9 -90 ; "The Development o f  S o c i a l  P h y s i c s , "  Am erican J o u r n a l  o f  
P h y s i c s , V o l.  18, No. 5 ( May, 1 9 5 0 ) ,  239-253.
^ C h a u n c y  D. H a r r i s ,  " The M arket a s  a  F a c to r  i n  t h e  L o c a l i z a t i o n  
o f  an I n d u s t r y  i n  th e  U n ited  S t a t e s , "  Annal o f  t h e  A s s o c i a t i o n  o f  American 
G eographers  (December, 1 9 5 4 ) ,  315-48 .
^ E d g a r  S. Dunn, "The M arket P o t e n t i a l  Concept and th e  A n a ly s i s  o f  
L o c a t io n , "  P a p e r s ,  The R e g io n a l  S c ien ce  A s s o c i a t i o n , V o l. 15 (1 9 5 6 ) ,  183- 
94.
l e t  B r e p r e s e n t  t o t a l  t r a d e  from in t e r m e d ia t e  c i t y  T, where 
B = B a+ B ^ ,  and w r i t e  R e i l l y ' s  fo rm u la  a s
Ba Pa , V 2 (V Da>  = — • (-----) =  — , th en
B" Ba Pb Da V V
B - Ba <Pb/Db> B <VDb>
  =  — , and   = 1 +   — o r ,  a l t e r n a t i v e l y
Ba <VDa> Ba <VDa>
<Pa/Da>
Ba  -  B ----------- 5--------------- = -    3 .3
<VDa> +
Where B i s  th e  t r a d e  from town T to  c i t y  A. a  J
o
The q u a n t i t y  (P /D ) r e p r e s e n t s  c i t y  A’ s p o t e n t i a l  o r  draw ing
3  Si
power e f f e c t  o v e r  town T ’ s t o t a l  t r a d e  i n  th e  ab sen ce  o f  c i t y  B’ s e f f e c t .
In  g e n e r a l ,  when t h e r e  a r e  n demand c e n t e r s  each  w i th  a  t o t a l
demand o f  B^ ( i - 1 , 2 , . . . ,m ) , th e n  c i t y  j ' s  p o t e n t i a l  i n  th e  ab sen ce  o f
t h e  e f f e c t s  o f  o t h e r  c i t i e s  i s  e q u a l  to
B.P, B -Pa B,P. B.P. B P .
DP. = - L L + _ 2 _ L  + _ L 1  +  . . .  + ---- 1  + . . . +   L .  .......... 3 .4
J dV, Db Db dJ ,  Db .2j 3 j i j  mj
i=m
Or, DP. = P̂ , SUM —  , j = l , 2 , . . . ,  n .   3 .5
3  j  i = l  Db
Assuming t h a t  t h e  demands a t  t h e  n  demand c e n t e r s  a r e  e q u a l  ( i . e .  
a l l  th e  B ^ 's  a r e  e q u a l )  th e n  c i t y  j ' s  draw ing power can  be computed a s  
f o l lo w s :
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I t  i s  w orthy  o f  n o te  h e re  t h a t  g iv en  th e  v a lu e s  o f  P̂  and B, th e n  
c i t y  j ’ s  draw ing  power i s  maximized when th e  sum t o t a l  o f  t h e  d i s t a n c e s
i=m k
betw een th e  c i t y  and th e  m c e n t e r s  i s  m inim ized  -  i . e .  SUM 1/D..
i= l  ^
i s  a t  a  minimum.
C onverse  * s  M odel.
7 fiF o llo w in g  R e i l l y ' s  g r a v i t y  m odel, P a u l  D. C onverse  has  d e r iv e d  
a  fo rm u la  which can  be  used  to  f i n d  th e  b r e a k in g  p o in t  betw een two com­
p e t in g  c e n t e r s .  The l a t t e r  i s  d e f in e d  a s  th e  p o in t  a t  w hich bo th  c e n t e r s  
have e q u a l  p o t e n t i a l s  f o r  a t t r a c t i n g  t r a d e  from t h a t  p o i n t .  C o n v e rse 's  
model can be e x p re s s e d  a s  fo l lo w s :
Dab
D, = --------------------- j—   3 .7
b 1 + ( W *
w here D, i s  th e  d i s t a n c e  from c e n t e r  b to  th e  b re a k in g  p o i n t ,  D . =D +D 
°  . ah a  b ’
and P and P, a r e  th e  p o p u la t io n  o f  c e n t e r s  a  and b ,  r e s p e c t i v e l y ,  a b
C o n v e r s e 's  model i s  a v a r i a n t  o f  p o t e n t i a l  m ode ls .  T h is  can be 
seen  by r e a r r a n g in g  th e  above fo rm ula  a s  f o l lo w s :
1 pb
D, = D  r  n — = D —  ------ — ..............................3 .8b ab p-S .j. p-S ab p-$ p-^
b_______a_ b a
^  '
^ P a u l  D. C onverse , "New Laws o f  R e t a i l  G r a v i t a t i o n , "  J o u r n a l  o f  
M a rk e t in g , V o l.  14 , No. 2 (O ctober 194 9 ),  379-84 .
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b .  S p a t i a l  I n t e r a c t i o n  M odels .
P o t e n t i a l  models ta k e  th e  p e r s p e c t i v e  o f  a r e t a i l  c e n t e r  and a r e  
g e n e r a l l y  c o n ce rn ed  w i th  th e  q u e s t i o n  o f  how much o f  th e  c e n t e r ' s  r e ­
t a i l  t r a d e  h a s  o r i g i n a t e d  a t  a  p a r t i c u l a r  demand p o i n t .  I n  c o n t r a s t ,  
s p a t i a l  i n t e r a c t i o n  models a r e  conce rned  w i th  th e  q u e s t io n  o f  how th e  
demand o r i g i n a t i n g  a t  a g iv en  p o in t  i s  a l l o c a t e d  among v a r io u s  com pet- ' 
in g  c e n t e r s .  Both ty p e s  o f  m ode ls ,  how ever, a r e  germane to  th e  problem  
o f  l o c a t i n g  r e t a i l  f a c i l i t i e s  i n  t h a t  p o t e n t i a l  models d e te rm in e  th e  
l o c a t i o n  o f  a  g iv e n  r e t a i l  c e n t e r  w i th  r e s p e c t  to  e x i s t i n g  demand 
p o i n t s ,  w h i l e  s p a t i a l  i n t e r a c t i o n  models a l l o c a t e  th e  e x i s t i n g  demand 
a t  a  g iv e n  p o in t  to  v a r io u s  r e t a i l  c e n t e r s .
D e r i v a t i o n .
S p a t i a l  i n t e r a c t i o n  models r e p r e s e n t  a  g e n e r a l i z e d  c a s e  o f  g r a v i t y  
m ode ls .  To show t h i s ,  l e t  us assume t h a t  t h e r e  a r e  n c e n t e r s  a t t r a c t i n g  
t r a d e  from an  in t e r m e d i a t e  demand p o in t  i .  N ex t,  l e t  d en o te  th e  
p o r t i o n  o f  th e  t r a d e  from p o i n t  i  a l l o c a t e d  to  c e n t e r  j , and l e t  be 
th e  t o t a l  t r a d e  a t  p o i n t  i ,  w here i s  e q u a l  t o :
j=n
T = SUM Bj .
1 j  = l  ■
The p o r t i o n  o f  T^ a l l o c a t e d  to  c e n t e r  j ,  B^, i s  th e n  e q u a l  t o :
. b 
Pj  /DtiB. = T± -------- —— =— , i = l , 2 , . . . ,  r a ...................... 3 .9
j= n ,
SUM Pi /D?, 
j = l  J J
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H u f f ’ s  Model
David H u f f ' s ^  m odel i s  a  v a r i a n t  o f  th e  s p a t i a l  i n t e r a c t i o n  model 
p r e s e n te d  above. In  h i s  m odel, how ever, H uff r e p la c e d  p o p u la t io n ,  P , 
w i th  th e  s q u a re  fo o ta g e  o f  th e  s e l l i n g  sp ace  d ev o ted  to  a p ro d u c t  c l a s s  
i n  a  sho p p in g  c e n t e r ,  S , and u sed  t r a v e l  t im e ,  , from co n su m e r 's
j  J
l o c a t i o n  a t  p o in t  i  to  th e  shopp ing  c e n t e r  lo c a t e d  a t  p o in t  j  a s  a 
r e f in e m e n t  o f  d i s t a n c e .  In  a d d i t i o n ,  H uff i n t e r p r e t e d  th e  r a t i o
h 3=n h
S j T ^ /  SUMSjT.y , i = l , 2 , . . . ,  m,   3 .10
from th e  v ie w p o in t  o f  t h e  consumer l o c a t e d  a t  demand p o in t  i  a s  e x p re s ­
s in g  t h e  a t t r a c t i v e n e s s  o f  c e n t e r  j  r e l a t i v e  to  t h e  a t t r a c t i v e n e s s  o f  
a l l  o t h e r  a l t e r n a t i v e  sho p p in g  c e n t e r s .  As su ch ,  th e  above q u a n t i t y  
r e p r e s e n t s  t h e  p r o b a b i l i t y  t h a t  c e n t e r  j  w i l l  be chosen  by th e  consumer 
a t  p o i n t  i .  H u f f ' s  model can  be  e x p re s s e d  a s  f o l lo w s :
-b  j= n  -b
E(C )i j = Ci*  Sj Tij  ’ i = l , 2 , . . . ,  m, 3 .11
w here E(C)^. i s  th e  e x p e c te d  number o f  consum ers a t t r a c t e d  to  c e n t e r  j  
from demand p o i n t  i ,  i s  th e  number o f  consum ers a t  p o i n t  i ,  and th e  
b ' s  a r e  p a ra m e te r s  to  be  e s t i m a te d .
^ D a v i d  L. H u ff ,  "A P r o b a b i l i s - t i c  A n a ly s i s  o f  Shopping C en te r  
T rade  A r e a s , "  Land Economics (F e b ru a ry ,  1 9 6 3 ) ,  8 1 -90 ; " D e f in in g  and 
E s t im a t in g  a  T rad in g  A r e a ,"  J o u r n a l  o f  M a r k e t in g , V o l.  28 , No. 3 ( J u l y ,  
1 9 6 4 ) ,  34 -3 8 .
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H uff u sed  h i s  model t o  draw p r o b a b i l i t y  c o n to u rs  c i r c u m s c r ib in g  th e
78t r a d i n g  a r e a  o f  a  sho p p in g  c e n t e r , '  and proposed  a  s y s te m a t i c  ap p roach  
f o r  a p p ro x im a t in g  an  optimum r e t a i l  c e n t e r ' s  l o c a t i o n . ^
H uff c la im ed  t h a t  h i s  model p ro v id e s  a  s im p le  method f o r  d e l i n ­
e a t i n g  a  c e n t e r ' s  t r a d i n g  a r e a .  We b e l i e v e ,  how ever, t h a t  H u f f ' s  method 
i n v o lv e s  th e  a s se ssm e n t  o f  " c h o ic e  p r o b a b i l i t i e s "  a t  each  a l t e r n a t i v e  
demand p o i n t ,  th e  f a c t  t h a t  makes A pplebaum 's  m ethod, a s  fo rm u la te d  in  
t h e  p re v io u s  s e c t i o n ,  a  more a t t r a c t i v e  a l t e r n a t i v e  f o r  t r a d i n g  a re a  
a n a l y s i s .
Baumol and I d e ' s  M odel.
Baumol and Ide®® e x p re s s e d  th e  " n e t  u t i l i t y " ,  f (N ,D ) ,  a  consumer 
d e r i v e s  from shopp ing  a t  a  g iv e n  s t o r e  a s  a  f u n c t i o n  o f  t h e  p r o b a b i l i t y ,  
P (N ), t h a t  he  w i l l  f i n d  some s e t  o f  i te m s  i n  th e  s t o r e  w hich w i l l  make 
h i s  shopp ing  t r i p  s u c c e s s f u l ,  and t h e  c o s t  he  i n c u r s  i n  t im e  a s  w e l l  
a s  i n  " u t i l i t y  l o s t "  f o r  n o t  sho p p in g  a t  a l t e r n a t i v e  s t o r e s .  Symbol­
i c a l l y ,  th e  model can  b e  e x p re s s e d  a s  f o l l o w s :
^ I b i d . ; David L. H uff and R ic h a rd  R. B a s t e l l ,  " D e l im i t in g  th e  
A re a l  E x te n t  o f  a  M arket A r e a ,"  J o u r n a l  o f  M ark e tin g  R e s e a r c h , V ol. 14 
(November, 1 9 7 7 ) ,  581-85 .
79David L. H u ff ,  "A Computer Program  f o r  L o c a t io n  A n a l y s i s , "  
P ro c e e d in g s  o f  t h e  1966 F a l l  C o n fe re n ce ,  American M ark e t in g  A s s o c ia t io n  
(1 9 6 6 ) ,  371-379; "A Programmed S o lu t io n  f o r  A pprox im ating  an Optimum 
R e t a i l  L o c a t io n , "  Land Economics (A ugust,  1 9 6 6 ) ,  293-303.
®®William J .  Baumol and Edward A. I d e ,  " V a r ie ty  i n  R e t a i l i n g , "  
Management S c ie n c e , V o l .  3 (O c to b e r ,  1 9 5 6 ) ,  93 -101 .
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f  (N,D) = w P(N) -  v  (Cd .D + C ^N *  + Cj)   3 .12
Where
f(N ,D ) * th e  consum er’ s ex p ec ted  n e t  b e n e f i t  from shopp ing  a t  a
c e n t e r  w i th  N d i f f e r e n t  i te m s  lo c a t e d  a t  d i s t a n c e  D,
P(N) = th e  p r o b a b i l i t y  t h a t  th e  consumer w i l l  f i n d  some s e t  o f  
i te m s  i n  th e  c e n t e r  w hich w i l l  make h i s  t r i p  s u c c e s s f u l ,
N s  th e  number o f  i te m s  ( v a r i e t y )  c a r r i e d  by th e  c e n t e r
D = d i s t a n c e  from  c o n su m e r 's  l o c a t i o n  to  t h e  c e n t e r ,
C^D = th e  c o s t  o f  t r a v e l i n g  t o  th e  c e n t e r ;  i s  a  c o s t  p a ra m e te r ,
u
Cn N = th e  d i f f i c u l t y  o f  sh o p p in g  a t  th e  c e n t e r  a s  a f u n c t io n  o f
th e  number o f  i te m s  c a r r i e d  by th e  c e n t e r ;  C i s  a c o s tnp a ra m e te r ,
Cj = c o n su m e r 's  o p p o r tu n i ty  c o s t  f o r  n o t  shopp ing  e ls e w h e re ,  and
w, v  = a r e  t h e  r e s p e c t i v e  w e ig h ts  f o r  t h e  b e n e f i t s  and c o s t s  o f  
shopp ing  a t  t h e  c e n t e r ,
I t  s h o u ld .b e  n o te d  h e r e  t h a t  Qj i s  th e  o p p o r tu n i ty  c o s t  f o r  shopp ing  
a t  c e n t e r  j ,  and t h a t  f^ (N,D) i s  th e  c o n su m er 's  n e t  b e n e f i t  from shop­
p in g  a t  c e n t e r  j .  T h e r e f o r e ,  Q. can  be i n t e r p r e t e d  a s  t h e  sum t o t a l  
o f  t h e  n e t  b e n e f i t s  w hich  th e  consumer would have d e r iv e d  had  h e  d e c id ­
ed to  shop a t  a l t e r n a t i v e  c e f i t e r s .  Thus, i f  t h e r e  w ere  n  a l t e r n a t i v e  
c e n t e r s  -  i . e .  sh o p p in g  o p p o r t u n i t i e s  -  Q. would th e n  be e q u a l  to
j = n j= n  .
C = SUM f, (N,D) = SUM (P.(N) -  C N? -  C,D. ) ............. 3 .1 3
J j - i  J j = i  J n  J J
For r e a s o n s  o f  s i m p l i c i t y ,  Bauinol and Id e  have  e x p re s s e d  t h e i r  
model i n  a  l i n e a r  a d d i t i v e  form . However, when e x p re s s e d  i n  a  m u l t i ­
p l i c a t i v e  form t h e i r  model becomes a s  f o l lo w s :
f j (N ,D )  = P j(N )•N ~^Cn,D” Cd -C" 1 .
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Or, a l t e r n a t i v e l y
Pj ( N)
V N) N ^ .  D°d
f  . (N,D) = -------------------------- =    -...... . 3 .1 5
N^CfI. D?d . C, C.
3  j  j  J
and by s u b s t i t u t i n g  th e  v a lu e  o f  from (3 .1 3 )  above, we o b t a i n  th e
fo l lo w in g  e x p r e s s io n :
PjCN)
D°dj  * j
f  (N,D) = ..................        3 .16
j= n  Pj(N)
SUM
J =1 D^d .N :Cn
J J
where th e  e x p o n en ts  and Cn a r e  p a ra m e te rs  to  be e s t i m a te d .  I f  th e
q u a n t i t i e s  and N^Cn a r e  ta k e n  to  r e p r e s e n t  th e  c o s t  i n  tim e to  th e  
J 3
consumer f o r  sh o p p in g  a t  c e n t e r  j ,  a s  Baumol and Id e  have  i n d i c a t e d ,
th en  model (3 .1 6 )  would re d u c e  to  t h a t  o f  H u f f ' s .  However, Baumol and
I d e ' s  model i s  c o n c e p tu a l ly  r i c h e r  th a n  H u f f ' s  model i n  t h a t  i t  h a s
many i m p l i c a t i o n s  f o r  m e rc h a n d is in g  p o l i c y  and s t o r e  l a y o u t .  B e s id e s ,
i t  can  be u sed ,  a s  th e  a u th o r s  s u g g e s te d ,  to  draw c o n to u r  l i n e s  o r
" i n d i f f e r e n c e  c u r v e s "  to  d e l i n e a t e  a s t o r e ' s  t r a d i n g  a r e a .  Thus, th e
a u th o r s  e x p la in e d ,  " f o r  e v e ry  v a lu e  o f  N, t h e r e  w i l l  be  a maximum
consumer d i s t a n c e  from th e  s t o r e  beyond w hich  i t  w i l l  n o t  pay t h i s
81consumer to  p u rc h a se  from t h i s  s h o p ."
81I b i d . , P. 96.
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c) G ra v i ty  M odels ; An E v a l u a t i o n .
In  p o t e n t i a l  as  w e l l  a s  i n  s p a t i a l  i n t e r a c t i o n  m ode ls ,  t h e  f r e ­
quency o f  i n t e r a c t i o n  be tw een  two p o i n t s  o f  i n t e r e s t  i s  s t r u c t u r e d  
a c c o rd in g  to  c e r t a i n  p r i n c i p l e s  co n ce iv ed  a s  g o v e rn in g  th e  ran g e  o f  
b e h a v io r  o f  th e  i n d i v i d u a l s  l o c a t e d  a t  th o s e  p o i n t s .  I n  g e n e r a l ,  a 
c l u s t e r  o f  i n d i v i d u a l s  a t  a g iv e n  p o i n t  i s  co n ce iv ed  o f  as  a  mass 
a f f e c t i n g  th e  b e h a v io r  o f  th e  i n d i v i d u a l s  c l u s t e r e d  a t  a n o th e r  p o i n t .
The i n t e n s i t y  o f  such  an e f f e c t ,  a s  m easured  by th e  freq u en cy  o f  i n t e r ­
a c t i o n  be tw een  th e  two p o i n t s ,  i s  r e l a t e d  d i r e c t l y  to  t h e i r  m asses 
( p o p u la t io n s )  and i n v e r s l y  to  th e  d i s t a n c e s  s e p a r a t i n g  them.
I n  such  a  s im p le  r e l a t i o n s h i p  l i e s  t h e  a t t r a c t i v e n e s s  o f  g r a v i t y  
m ode ls .  They c o m p a r a t iv e ly  c o n ta i n  few im p o r ta n t  v a r i a b l e s ,  v i z . ,  
mass and d i s t a n c e ,  w hich a r e  r e l a t e d  to  each  o t h e r  i n  a  s p e c i f i c  manner 
so a s  to  produce c o n s i s t e n t  and r e l a t i v e l y  a c c u r a t e  p r e d i c t i o n s ,  p ro ­
v id e d  t h a t  s u f f i c i e n t  c a r e  h a s  been  g iv e n  to  t h e i r  c a l i b r a t i o n .  N ever­
t h e l e s s ,  a number o f  i s s u e s  have  been  r a i s e d  i n  th e  a p p l i c a t i o n  o f  
g r a v i t y  m ode ls ,  e s p e c i a l l y  w i th  r e g a r d  to  t h e i r  t h e o r e t i c a l  fo u n d a t io n s ,  
e x p o n e n t i a t i o n ,  and th e  m easurem ent o f  mass and d i s t a n c e .  These i s s u e s  
w i l l  be  b r i e f l y  rev iew ed  i n  t h e  f o l lo w in g  s e c t i o n s .
1. The T h e o r e t i c a l  F o u n d a tio n s  
o f  G ra v i ty  M odels.
Many s o c i o l o g i s t s ,  economic g e o g ra p h e rs  and m a rk e t in g  s c h o l a r s
have r e s e n t e d  th e  id e a  o f  g r a v i t a t i o n a l  a t t r a c t i o n  o v e r  d i s t a n c e  a s  an
82e x p la n a t io n  o f  human s p a t i a l  i n t e r a c t i o n .  S t o u f f e r ,  f o r  i n s t a n c e ,  i n
S. A. S t o u f f e r ,  " I n t e r v e n in g  O p p o r t u n i t i e s :  A T h e o r y . . . , "
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h i s  work on s o c i a l  m o b i l i t y ,  h a s  in t r o d u c e d  th e  co n ce p t  o f  " in t e r v e n i n g  
o p p o r t u n i t i e s "  a s  a s u b s t i t u t e  f o r  p o p u la t io n  p o t e n t i a l  o v e r  d i s t a n c e .  
The co n cep t  p o s t u l a t e s  t h a t  " t h e  number o f  p e rso n s  go ing  a  g iv e n  d i s ­
ta n c e  i s  d i r e c t l y  p r o p o r t i o n a l  to  th e  number o f  o p p o r t u n i t i e s  a t  t h a t
d i s t a n c e  and i n v e r s l y  p r o p o r t i o n a l  to  t h e  number o f  i n t e r v e n i n g  o p p o r-
83 84
t u n i t i e s . "  G era ld  R ush ton , i n  h i s  c o n cep t  o f  " r e v e a le d  sp ac e  p r e f ­
e r e n c e " ,  has  d e f in e d  a  p r e f e r e n c e  f u n c t io n  o v e r  two v a r i a b l e s ,  d i s t a n c e  
and town s i z e ,  a s  a  re p la c e m e n t  f o r  i n t e r a c t i o n  m ode ls .  The f u n c t io n  
c o n s id e r s  th e  p r e f e r e n c e s  o f  i n d i v i d u a l s  among s p a t i a l  a l t e r n a t i v e s .
R e c e n t ly ,  N ie d e rc o rn  and B e c h d o l t ,8'* M athur , 88 A l l e n , 8^ and 
88White have  a t te m p te d  a d e r i v a t i o n  o f  th e  g r a v i t y  model v i a  th e  fram e-
83I b i d . , P . 846.
8^G era ld  R ush ton , "A n a ly s is  o f  S p a t i a l  B eh av io r  by R evea led  Space 
P r e f e r e n c e , "  Annals o f  th e  A s s o c ia t io n  o f  American G eo g rap h e rs , V o l. 59 
(1 9 6 9 ) , 391-401.
85
J .  H. N ie d e rc o rn  and B. V. B e c h d o l t ,  J r . ,  "An Economic D e r iv a ­
t i o n  o f  th e  'G r a v i ty  Law' o f  S p a t i a l  I n t e r a c t i o n , "  J o u r n a l  o f  R eg io n a l 
S c ie n c e , V ol. 9 ,  No. 2 (1 9 6 9 ) ,  273-82 ; "An Economic D e r iv a t io n  o f  th e  
'G r a v i ty  Law' o f  S p a t i a l  I n t e r a c t i o n :  R e p ly ,"  J o u r n a l  o f  R eg io n a l  S c i ­
e n c e , V ol. 10, No. 3 (1 9 7 0 ) ,  407-410 ; "An Economic D e r iv a t io n  o f  th e  
'G r a v i ty  Law' o f  S p a t i a l  I n t e r a c t i o n :  A F u r th e r  Reply and a  R eform ula­
t i o n ,  " J^arn a l_ o f_ R eg io an l^_ S c^  V ol. 12, No. 1 (1 9 7 2 ) ,  127-136.
8 f i V ijay  K. M athur , "An Economic D e r iv a t io n  o f  th e  'G r a v i ty  Law' 
o f  S p a t i a l  I n t e r a c t i o n :  A Comment," J o u r n a l  o f  R eg io n a l  S c ie n c e , V ol. 
10, No. 3 (1 9 7 0 ) ,  403-406 .
87W. Bruce A l le n ,  "An Economic D e r iv a t io n  o f  t h e  'G r a v i t y  Law' 
o f  S p a t i a l  I n t e r a c t i o n :  A Comment on th e  R e p ly ,"  J o u r n a l  o f  R eg io n a l  
S c ie n c e , V ol. 12, No. 1 (1 9 7 2 ) ,  119-26.
8®Roger W. W hite ,  "A G e n e r a l i z a t io n  o f  th e  U t i l i t y  Theory Ap- 
roach  to  th e  Problem  o f  S p a t i a l  I n t e r a c t i o n , "  G eo g rap h ica l  A n a ly s i s , 
V ol. 1 8 (Ja n u a ry ,  1976), 39 -46 .
work o f  u t i l i t y  th e o r y .  The a u th o r s  assumed t h a t  an i n d i v i d u a l ,  by 
i n t e r a c t i n g  o v e r  d i s t a n c e ,  s t r i v e s  t o  maximize h i s  n e t  u t i l i t y  s u b j e c t  
t o  e i t h e r  tim e o r  money c o n s t r a i n t .  A f t e r  a  c o n s id e r a b l e  m a th e m a tic a l  
m a n ip u la t io n ,  th e  f i n a l  s t r u c t u r e  o f  t h e i r  model re sem bled  t h a t  o f  g r a v i t y  
models i n  t h a t  i t  r e l a t e d  th e  number o f  t r i p s  ta k e n  from an  o r i g i n  to  a
d e s t i n a t i o n  d i r e c t l y  t o  t h e  r e l a t i v e  s i z e  o f  th e  p o p u la t io n  o f  th e  p o i n t
o f  d e s t i n a t i o n ,  and i n v e r s l y  to  th e  d i s t a n c e  betw een  th e  p o i n t s  o f  o r i g i n  
and d e s t i n a t i o n .
W ith in  th e  framework o f  th e  Theory o f  U t i l i t y ,  g r a v i t y  m odels  a r e  
seen  to  r e p r e s e n t  a  s h o r t - c u t  c o s t - b e n e f i t  app roach  to  th e  p rob lem  o f
human s p a t i a l  ch o ice  i n  w hich  "mass" and " d i s t a n c e "  a r e  c o n s id e re d
p r o x ie s  f o r  u t i l i t y  and c o s t ,  r e s p e c t i v e l y .
The Role o f  Mass and D i s t a n c e .
89L ou is  B u c k l in ,  i n  h i s  a n a l y s i s  o f  th e  r o l e  o f  mass and d i s t a n c e  
i n  i n t r a - u r b a n  sho p p in g  b e h a v io r  s u g g e s te d  t h a t  m ass , a s  m easured  by th e  
s i z e  o f  a  shopp ing  f a c i l i t y ,  and im age, a s  s e e n  by th e  p r o s p e c t i v e  shop­
p e r ,  combine to  c r e a t e  u t i l i t y .  T h e i r  r e l a t i v e  im p o r ta n c e ,  however, 
depends on th e  l e v e l  o f  a g g r e g a t io n  c o n s id e re d  and th e  ty p e  o f  s e a r c h  
prob lem  f a c in g  th e  i n d i v i d u a l  sh o p p e r .  I n  g e n e r a l ,  t h e  h ig h e r  th e  l e v e l  
o f  a g g r e g a t io n  t h e  more im p o r ta n t  i s  mass r e l a t i v e  to  image i n  d e t e r ­
m in ing  th e  u t i l i t y  o f  a  sh o p p in g  f a c i l i t y ,  and th e  b e t t e r  becomes th e  
p e rfo rm an ce  o f  th e  g r a v i t y  m odel.  A s i m i l a r  c o n c lu s io n  was re a c h e d  by
®^Louis P. B u c k l in ,  "The Concept o f  Mass i n  I n t r a - U r b a n  S h o p p in g ,"  
J o u r n a l  o f  M a rk e t in g , V o l.  31 (O c to b e r ,  1 9 6 7 ) ,  3 7 -4 2 .
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Alcaly^®  who found t h a t  th e  g r a v i t y  model perform ed  b e t t e r  f o r  a l l  modes
o f  t r a v e l  combined th a n  f o r  each  mode a lo n e .  Such f i n d i n g s ,  how ever, a r e
to  be ex p ec te d  s in c e  a g g r e g a te  a n a l y s i s ,  by i t s  n a t u r e ,  c a n c e l s  o u t
a b e r r a t i o n s  a t  i n d i v i d u a l  f a c i l i t i e s ,  v a r y in g  p o p u la t io n  d e n s i t i e s ,  and
l o c a l  a c c e s s i b i l i t y .
In  a d d i t i o n  to  th e  l e v e l  o f  a g g r e g a t io n ,  B u ck l in  d i s t i n g u i s h e d
among t h r e e  l e v e l s  o f  s e a r c h  prob lem s a s  d e te r m in a n ts  o f  th e  r e l a t i v e
im p o r tan ce  o f  mass v s .  image i n  r e f l e c t i n g  th e  u t i l i t y  o f  a  shopp ing
f a c i l i t y .  They a r e :  f u l l  s e a r c h  p ro b le m s ,  l i m i t e d  s e a r c h  p ro b lem s , and
91c a u s a l  s e a r c h  p ro b lem s .
F u l l  s e a r c h  p rob lem s r e l a t e  to  p ro d u c ts  w i th  h ig h  s o c i a l  v i s i b i l i t y  
which r e q u i r e  p ro p e r  c h o ic e  on th e  p a r t  o f  th e  consum er. Consumers w i th  
such  prob lem s a r e  u s u a l l y  a t t r a c t e d  to  m u l t i - p r o d u c t  o f f e r i n g  c e n t e r s .  
L im ited  s e a r c h  p ro b le m s ,  on th e  o t h e r  h and , r e l a t e  to  p u rc h a se  d e c i s io n s  
where p r i c e  d i f f e r e n c e s  do n o t  w a r r a n t  c o n s id e r a b l e  i n t e r - s t o r e  s e a r c h .  
However, s i n c e  c o n su m ers ’ c h o ic e  o f  a  s t o r e  depends on t h e i r  knowledge o f  
a v a i l a b l e  r e t a i l  f a c i l i t i e s ,  th e  s t o r e ' s  image becomes an im p o r ta n t  f a c t o r  
b e h in d  such  a  c h o ic e .  F i n a l l y ,  c a u s a l  s e a r c h  p rob lem s r e l a t e  to  many 
in e x p e n s iv e  and r e p e a t e d l y  p u rc h a se d  i t e m s .  In  t h i s  c a s e ,  t h e  u t i l i t y  
o f  mass r e a c h e s  i t s  maximum w i th  r e l a t i v e l y  s m a l l  s i z e d  c e n t e r s .
90Roger E. A lc a ly ,  "A g g re g a t io n  and G ra v i ty  M odels: Some E m p ir ic a l  
E v id e n c e ,"  J o u r n a l  o f  R e g io n a l  S c ie n c e , V o l.  7 , No. 1 (1 9 6 7 ) ,  61 -73 .
91L o u is  P. B u c k l in ,  "The Concept o f  Mass i n  In t r a - U r b a n  Shopping.." 
PP. 41 -42 .
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As to  d i s t a n c e ,  many r e s e a r c h e r s  a g re e  w i th  B u ck l in  t h a t  " o b s e r ­
v a t i o n  l e a v e s  l i t t l e  doub t b u t  t h a t  t h i s  f a c t o r  i s  a  dom inant one i n
92d e te rm in in g  th e  c h o ic e  o f  i n t r a - u r b a n  sh o p p in g  l o c a t i o n . "  I t s  r e l e ­
v a n ce ,  how ever, s h o u ld  be view ed i n  th e  - l i g h t  o f  i t s  r e l a t i o n  to  th e  
shopp ing  f a c i l i t y ' s  u t i l i t y  to  consum ers .
2 .  The Value o f  th e  D is ta n c e  E xponent, b .
A nother p rob lem  r a i s e d  i n  th e  a p p l i c a t i o n  o f  g r a v i t y  models
r e l a t e s  to  th e  v a lu e  o f  th e  d i s t a n c e  e x p o n e n t .  Over th e  p a s t  few decades
g r a v i t y  models w ere  a p p l i e d  to  a  v a r i e t y  o f  s i t u a t i o n s  ra n g in g  from
p r e d i c t i n g  a t t e n d a n c e  a t  a  m a jo r  c o l l e g e ,  to  t r a f f i c  g e n e r a t i o n ,  to
r e t a i l  g r a v i t a t i o n .  I n  a lm o s t  a l l  o f  t h e s e  a p p l i c a t i o n s  th e  d i s t a n c e
p a ra m e te r ,  b ,  was found to  v a ry  o v e r  v a r io u s  s i t u a t i o n s  and a c r o s s  geo-
93g ra p h ic  l o c a t i o n s .  Examples abound; David H uff  r e p o r t e d  v a lu e s  f o r
' b '  r a n g in g  from 3 .191  f o r  c l o t h i n g  to  2 .723  f o r  f u r n i t u r e .  R obert  
94Reynolds r e p o r t e d  v a lu e s  f o r  ' b '  r a n g in g  from .17  to  .50 depend ing  on
95th e  p ro d u c t  c l a s s  c o n s id e re d  and a r e a s  s t u d i e d .  L ib b ra n d ,  i n  a  t r a f f i c  
927 I b i d . ; James A. B runner  and John L . Mason, "The I n f lu e n c e  o f  
D r iv in g  Time Upon Shopping  C e n te r  P r e f e r e n c e , "  J o u r n a l  o f  M a rk e t in g ,
Vol. 32 ( A p r i l ,  1968), 5 7 -6 1 ;  W ill iam  E. Cox and E r n e s t  F. Cooke,
"O th er  D im ensions In v o lv e d  i n  Shopping  C e n te r  P r e f e r e n c e , "  J o u r n a l  o f  
M a rk e t in g , V o l.  34 (O c to b e r ,  1970), 12-17 .
^ D a v i d  L. H u f f ,  "A P r o b a b i l i s t i c  A n a ly s is  o f  Shopping C en te rs  
Trade A r e a s , "  Land Economics (F e b ru a ry ,  1963), 87.
QA
R o b er t  R ey n o ld s ,  "A T e s t  o f  th e  Law o f  R e t a i l  G r a v i t a t i o n , "  
J o u r n a l  o f  M a rk e t in g , V o l. 17( J a n u a ry ,  1953), 2 7 5 -6 .
^ K u r t  L e ib b ra n d ,  " T r a f f i c  G e n e ra t io n  and A ssignm ent M o d e ls ,"  
T r a f f i c  Q u a r t e r ly  ( J u l y ,  197 7 ),  383-98 .
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g e n e r a t i o n  model r e l a t i n g  t r a f f i c  t o  p o p u la t io n  and d i s t a n c e ,  found th e  
v a lu e  o f  ' b '  to  v a r y  betw een  0 .7  and 3 . 0 ,  and so  on.
In  a  s i m i l a r  v e i n ,  r e s e a r c h e r s  a p p ly in g  R e i l l y ' s  model w i th  t h e
second power o f  th e  d i s t a n c e  r e p o r t e d  c o n t r a d i c t o r y  f i n d i n g s .  For
96exam ple, W illiam  Wagner found R e i l l y - C o n v e r s e 's  b re a k in g  p o i n t  fo rm u la  
u n a p p r o p r ia t e  f o r  th e  goods and s e r v i c e s  su rv ey ed  betw een S p r i n g f i e l d  
and Columbus, Ohio. A l le n  J u n g ^  found t h a t  R e i l l y ' s  model p roved  in a d e ­
q u a te  f o r  d e te rm in in g  t h e  r e s p e c t i v e  t r a d i n g  a r e a s  o f  Kansas C i ty  and S t .
go
L o u is ,  M is s o u r i .  Edna D o u g las ,  on th e  o th e r  h an d , i n  an e x t e n s iv e  
s tu d y  o f  th e  r e t a i l  t r a d i n g  a r e a  o f  C h a r l o t t e ,  N o rth  C a r o l in e ,  h a s  found 
t h a t  among f i v e  m ethods used  to  d e l i n e a t e  t h e  c i t y ' s  t r a d i n g  a r e a  ( V iz . ,  
c r e d i t  a c c o u n ts ,  check  d e p o s i t s ,  t r a f f i c  f lo w ,  p o p u la t io n  d i s t r i b u t i o n ,  
and R e i l l y ' s  Law o f  R e t a i l  G r a v i t a t i o n ) ,  R e i l l y ' s  model p ro v id e d  a 
" rem ark ab ly  a c c u r a t e  d e l i n e a t i o n  o f  t h e  C h a r l o t t e  r e t a i l  t r a d i n g  a r e a  
. . . ( a n d )  i s  by f a r  th e  e a s i e s t  t o  a p p l y . "
In  t h i s  a u t h o r ' s  o p in io n ,  how ever, th e  l a c k  o f  c o n s i s t e n c y  and o f  
s t a b i l i t y  i n  th e  v a lu e s  o f  th e  d i s t a n c e  p a ra m e te r  a l l u d e d  to  above can  be
^ W i l l i a m  B. Wagner, "A L o n g i tu d in a l  S tudy o f  R e t a i l  G r a v i t a t i o n  
Between Columbus and S p r i n g f i e l d ,  O h io ,"  B u l l e t i n  o f  B u s in e s s  R e s e a r c h , 
The Ohio S t a t e  U n i v e r s i t y , V o l. XLIX, No. 2 (F e b ru a ry ,  1974).
^ A l l e n  f . Ju n g , " I s  R e i l l y ' s  Law o f  R e t a i l  G r a v i t a t i o n  Always 
T rue?"  J o u r n a l  o f  M ark e t in g  (O c to b e r ,  1 9 5 9 ) ,  6 2 -3 .
98Edna D o u g las ,  "M easuring  th e  G e n e ra l  R e t a i l  T rad in g  A rea -  A 
Case S tudy : I , "  J o u r n a l  o f  M a r k e t in g , V ol. 13 , No. 4 ( A p r i l ,  1 9 4 9 ) ,  
481 -97 ; P a r t  I I ,  V o l. 14 ( J u l y ,  1 9 4 9 ) ,  46 -6 0 .
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j u s t i f i e d  on th e  fo l lo w in g  g ro u n d s .
F i r s t ,  v a r i a t i o n s  r e p o r t e d  o v e r  p ro d u c t  c l a s s e s  and g e o g ra p h ic  a r e a s  
r e f l e c t  v a r y in g  i n d i v i d u a l  s e n s i t i v i t i e s  f o r  d i s t a n c e .  P u t  a n o th e r  way, 
i n d i v i d u a l s  v a lu e  t im e ,  money and e f f o r t ‘d i f f e r e n t l y  and w i th  r e s p e c t  to  
d i f f e r e n t  s i t u a t i o n s .
Second, th e  a ssu m p tio n  t h a t  th e  d i s t a n c e  exponen t sh o u ld  h o ld  o v e r
v a r io u s  s i t u a t i o n s  and a c r o s s  g e o g ra p h ic  a r e a s  c o n t r a d i c t s  th e  b a s i c
n a t u r e  o f  g r a v i t y  m o d e ls .  G ra v i ty  m odels  a r e  p r e d i c t i v e  m odels  o f  human
s p a t i a l  b e h a v io r  and th e y  sh o u ld  be e v a lu a te d  i n  th e  l i g h t  o f  t h e i r
a b i l i t y  t o  p r e d i c t  su ch  a  b e h a v io r .  Viewed i n  t h i s  m anner, G ra v i ty  m odels
m ust be f i t t e d  to  p a r t i c u l a r  s i t u a t i o n s  and t h e i r  p a ra m e te r s  be e s t im a te d  
99a c c o r d in g ly .
3 . The I s s u e  o f  M easurem ent.
The t h i r d  i s s u e  a r i s i n g  i n  t h e  a p p l i c a t i o n  o f  g r a v i t y  m odels  con­
c e r n s  th e  m easurem ent o f  mass and d i s t a n c e  a s  p r o x ie s  f o r  u t i l i t y  and 
c o s t .  I n  g e n e r a l  mass and d i s t a n c e  have  been  m easured  i n  a  number o f  ways 
depend ing  on t h e  p rob lem s s t u d i e d ,  a v a i l a b l e  d a t a ,  and r e l a t e d  c o n s id e r ­
a t i o n s .  In  th e  g r a v i t y  model o r i g i n a l l y  d e v e lo p ed  by R e i l l y ,  p o p u la t io n  
was u sed  a s  a  c o r r e l a t e  o f  t h e  u t i l i t y  o f  a  g iv e n  m e t r o p o l i t a n  a r e a  to
99A re v ie w  o f .p a r a m e te r  e s t i m a t i o n  m ethods f o r  g r a v i t y  m odels  i s  
g iv e n  i n  F . S t e t z e r ,  " P a ra m e te r s  E s t im a t io n  f o r  t h e  C o n s t r a in e d  G ra v i ty  
M odel: A Comparison o f  S ix  M eth o d s ,"  E nvironm ent and P la n n in g .  V o l.  8 
(1 9 7 6 ) ,  673-683; F . J .  C e s a r io ,  "The I n t e r p r e t a t i o n  and C a l c u l a t i o n  o f  
G ra v i ty  Model Zone-To-Zone A djus tm en t F a c t o r s , "  E n v ironm en t-and  P la n n ig ,  
V o l.  6 (1 9 7 4 ) ,  247-257 .
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i n d i v i d u a l  s h o p p e r s .  Yet i n t r a - u r b a n  r e s e a r c h  r e v e a le d  t h a t  p o p u la t io n
i s  o f  no r e l e v a n c e  f o r  t r a d i n g  a r e a  d e te r m in a t io n  and , c o n se q u e n t ly ,
o th e r  m easu res  were u t i l i z e d  i n s t e a d ,  such  a s  r e t a i l  f l o o r  sp a c e ,
number o f  i te m s  c a r r i e d  ( v a r i e t y ) , ^3 -  and r e t a i l  m e rch an d ise  l i n e  s a l e s
i o?o f  a g iv e n  c e n t e r .
W hile such  m easu res  may r e f l e c t  th e  r o l e  o f  mass i n  d e te rm in in g  
th e  u t i l i t y  o f  a  r e t a i l  f a c i l i t y  i n  te rm s o f  v a r i e t y  o f  s e l e c t i o n s  and 
s e r v i c e s  o f f e r e d  (economic p a t ro n a g e  m o t i v e s ) , th e y  do n o t  r e f l e c t  th e  
r o l e  o f  image i n  d e te r m in in g  such  a  u t i l i t y .  The l a t t e r  r e l a t e s  to  
consum ers1 p e r c e p t io n  o f  th e  c e n t e r ' s  p r i c e  l e v e l ,  p h y s i c a l  c h a r a c t e r ­
i s t i c s ,  and s o c i a l  c l a s s  o r i e n t a t i o n .
S i m i l a r l y ,  many r e s e a r c h e r s  have  d i s a g r e e d  a s  to  what c o n s t i t u t e s  
a  v a l i d  m easure  o f  d i s t a n c e .  F or exam ple, d i s t a n c e  m easured  i n  m i le s  
may be m is le a d in g  b eca u se  o f  th e  e f f e c t  o f  ro a d  c o n d i t i o n s  and speed  o f  
t r a v e l .  The u se  o f  d r i v i n g  t im e  may n o t  s o lv e  th e  problem  due to  v a ry in g  
d r i v i n g  c o n d i t i o n s  o v e r  t im e  o f  th e  day , and day o f  th e  week. B e s id e s ,
d i f f e r e n t  t r a v e l  modes would r e f l e c t  d i f f e r e n t  c o s t  f a c t o r s  i n  te rm s  o f
103t im e  and money. F o r  exam ple, Roger A lc a ly x found t h a t  th e  d i s t a n c e  
lOOpavid L. H u ff ,  o p . c i t . .
lO lv jiH iam  Baumol and Edward A. I d e ,  o p . c i t . .
102 F rank  S t ro h k a rc h  and K a th e r in e  P h e lp s ,  "The M echanics o f  Con­
s t r u c t i n g  A M arket Area M ap," J o u r n a l  o f  M a r k e t in g , V ol. 12 , No. 4 
( A p r i l ,  194 8 ) ,  493-96 .
103Roger A lc a ly ,  o p . c i t . , PP. 61-73 .
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p a ra m e te r  had d i f f e r e n t  v a lu e s  f o r  a i r ,  r a i l ,  b u s ,  and a u to  t r a v e l .
A no ther d i f f i c u l t y  i n  m easu rin g  d i s t a n c e  a r i s e s  from th e  f a c t  t h a t  
d i s t a n c e  i s  p e rc e iv e d  d i f f e r e n t l y  by d i f f e r e n t  i n d i v i d u a l s  depend ing  on 
t h e i r  p e r c e p t io n  o f  t h e  r e l a t i o n s h i p s  e x i s t i n g  among v a r io u s  p o i n t s  i n  
t h e i r  s p a t i a l  en v iro n m e n t .  For exam ple, MacKay, O lshavsky  and Sen teH ^® ^ 
w h i le  s tu d y in g  shopp ing  b e h a v io r  o f  su p e rm ark e t  cu s to m ers  found a  s t r o n g e r  
r e l a t i o n  betw een c o g n i t i v e  d i s t a n c e  and shopp ing  f req u e n cy  a t  a  g iven  
l o c a t i o n  th a n  betw een a c t u a l  d i s t a n c e  and shopp ing  f re q u e n c y .
In  a n o th e r  r e s e a r c h ,  MacKay-*-®’’ c o l l e c t e d  in f o r m a t io n  ab o u t  th e
r e s i d e n t i a l  l o c a t i o n  o f  each  re s p o n d e n t  and th e  p e rc e n ta g e  o f  s to p s  each
made a t  s e l e c t e d  s u p e rm a rk e ts .  Then, by c o n d u c t in g  " n e a r e s t  n e ig h b o r"
a n a l y s i s ,  MacKay found s i g n i f i c a n t  c l u s t e r i n g  among th e  sam ple though
106w ith o u t  any d i r e c t i o n a l  c o n s i s t e n c y .  In  a s i m i l a r  v e i n ,  C adw allader  
asked  each  o f  53 h ead s  o f  h o u seh o ld s  i n  West Los A n g e les ,  C a l i f o r n i a  to  
e s t i m a te  th e  d i s t a n c e  from h i s  o r  h e r  home to  f i v e  su p e rm a rk e ts  l o c a t e d  i n  
th e  a r e a  and th e n  a sk ed  t h e  r e s p o n d e n ts  ab o u t th e  su p e rm ark e t  th e y  o f t e n  
p a t r o n i z e d .  The a u th o r  found o n ly  53% o f  t h e  r e s p o n d e n ts  have  p a t r o n i z e d
lO^David 3 . MacKay, R ic h a rd  W. O lshavsky  and G era ld  S e n t e l l ,  
" C o g n i t iv e  Maps and S p a t i a l  B eh av io r  o f  C onsum ers,"  G e o g ra p h ic a l  A n a ly s is
( J a n u a ry ,  197 5 ),  1 9 -3 4 ;  -------- , --------- , " C o g n i t iv e  Maps o f  R e t a i l  L o c a t io n s :
An I n v e s t i g a t i o n  o f  Some B as ic  I s s u e s , "  J o u r n a l  o f  Consumer R e s e a r c h , V ol. 
2 (December, 197 5 ),  197-205.
-*-®^David B. MacKay, " S p a t i a l  M easurement o f  R e t a i l  S to r e  Demand," 
J o u r n a l  o f  M ark e tin g  R e s e a rc h , V o l.  10 (November, 1 9 7 3 ) ,  PP. 447-53 .
-*-®^Martin C ad w a lla d e r ,  "A B e h a v io ra l  Model o f  Consumer S p a t i a l  
D e c is io n  M aking ,"  Economic G eography, V o l. 51 , No. 4 (O c to b e r ,  1 9 7 5 ) ,
PP. 338-349 .
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t h e  c l o s e s t  su p e rm ark e t  i n  te rm s  o f  r e a l  d i s t a n c e .  C adw allader  con­
c lu d ed  t h a t  many consum ers t h i n k  th e y  a r e  p a t r o n i z i n g  th e  n e a r e s t  r e t a i l  
f a c i l i t y  th a n  th e y  a c t u a l l y  do.
d) An E x te n s io n  o f  G ra v i ty  M odels .
In  an e f f o r t  t o  a v o id  some o f  th e  prob lem s d is c u s s e d  above , a 
number o f  r e s e a r c h e r s  have s u g g e s te d  t h a t  th e  m o d e l 's  u t i l i t y  and c o s t  
f u n c t io n s  be  s p e c i f i e d  i n  te rm s o f t h e i r  b a s i c  com ponents. Thus, 
B u c k l i n * ^  p roposed  t h a t  t h e  v a r i a b l e s  U_j and , r e p r e s e n t i n g  u t i l i t y  
and c o s t  r e s p e c t i v e l y ,  a s  r e l a t e d  i n  th e  f o l lo w in g  b a s i c  g r a v i t y  model
V cijP =  d d  ...........  3 , 17
lj  j= n
SUM U ./C .,  
j=l J J
be  e x p re s s e d  i n  te rm s o f  a  number o f  f a c t o r s  a s  f o l l o w s :
U = f ( F ,  P , S , V)
Cy = f (D ,  B, L, R, T) , where
F = Square  f o o ta g e  o f  th e  r e t a i l  s e l l i n g  s p a c e ,
P = P r i c e  o f  p r o d u c t ,
S = S o c ia l  s t a t u s  o f  sh o p p e r ,
V = S o c ia l  v i s i b i l i t y  o f  t h e  p r o d u c t ,
D = D is ta n c e  be tw een  t h e  c e n t e r  and s h o p p e r 's  l o c a t i o n ,
B = P r o p e n s i ty  o f  th e  sh o p p e r  to  t a k e  p u b l i c  t r a n s p o r t a t i o n ,
L = L i f e  s t y l e  o f  sh o p p e r ,
■ ^ L o u i s  P . B u c k l in ,  Shopping P a t t e r n s  i n  an  Urban Area (B e rk e ly ,  
C a l . : I n s t i t u t e  o f  B u s in e s s  and Economic R e s e a rc h ,  U n i v e r s i t y  o f  
C a l i f o r n i a ,  1 9 6 7 ) ,  PP. 126-127 .
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R = R a t io  o f  p a rk in g  sp ac e  to  r e t a i l  s e l l i n g  s p a c e ,  and 
T = Number o f  d i f f e r e n t  bus r o u t e s  s e r v in g  th e  a r e a .
In  a  s i m i l a r  a t t e m p t ,  P h i l i p  K o t l e r 3-̂ ® expanded David H u f f ’ s  model
p r e s e n te d  e a r l i e r  so a s  to  in c lu d e  th e  f o l lo w in g  v a r i a b l e s :
sb °  i ".1 Ab ? /Db ? Pb?j  i j  i j  i j  1]
P_j, — — — — —— — — —— ——  i = l , 2 , . . . ,  m,
n brj bi  bo bq bA j = l> 2 , . . . ,  n .
SUM S I  1 A 2 /D 3 P 4
J - l  3 13 i j  13 13   3 .18where
P.. = t h e  p r o b a b l i l i t y  o f  a  consumer i n  a r e a  i  shopp ing  a t  a 
p a r t i c u l a r  l o c a t i o n  j ,
Sj = t h e  s i z e  o f  t h e  r e t a i l  c e n t e r  in  l o c a t i o n  j ,
17. = t h e  image o f  r e t a i l  c e n t e r  j  p e rc e iv e d  by a consumer in  
a r e a  i ,
Â . = th e  a c c e s s i b i l i t y  o f  c e n t e r  j  t o  t h e  c e n t e r  i n  a r e a  i ,
D.3 = t h e  d i s t a n c e  o r  t im e  betw een l o c a t i o n  j  and consumer i n  
a r e a  i ,
P.. -  t h e  p e r c e iv e d  p r i c e  l e v e l  o f  r e t a i l  c e n t e r  j  t o  consumer 
13 i n  a r e a  i ,  and 
b ^ to  b ^=  a r e  m o d e l 's  p a ra m e te r s .
3 . TA M ethods: An E v a l u a t i o n .
H e r e t o f o r e ,  we have  c o n s id e re d  r e t a i l  f a c i l i t y  l o c a t i o n  m ethods , 
p a r t i c u l a r l y  th o s e  b a sed  on t r a d i n g  a r e a  a n a l y s i s .  I n  t h i s  r e s p e c t  
G r a v i ty  Models a s  t o o l s  f o r  d e l i n e a t i n g  and m easu r in g  t r a d i n g  a r e a s ,  
w ere d i s c u s s e d  and e v a lu a t e d .  B e s id e s , th e  e m p i r i c a l  r e s e a r c h  f i n d i n g s  
r e p o r t e d  t h e r e i n ,  though  f a r  from b e in g  c o n c lu s iv e ,  have d i r e c t  b e a r in g s  
upon th e  p ro b lem s  in v o lv e d  i n  t r a d i n g  a r e a  a n a l y s i s .  However, t h e r e
^ ^ P h i l i p  K o t l e r ,  M ark e tin g  D e c is io n  M aking: A Model B u i ld in g  
A pproach . P . 319.
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rem ain  f o r  f u r t h e r  c o n s i d e r a t i o n  th e  i s s u e s  p e r t a i n i n g  to  th e  adequacy  o f  
th e  method o f  t r a d i n g  a r e a  a n a l y s i s  a s  a  c r i t e r i o n  f o r  e v a l u a t i n g  r e t a i l  
s t o r e  l o c a t i o n  d e c i s i o n s ,  on one h and , and to  t h e  b e h a v io r a l  a ssu m p tio n s  
r e g a r d in g  consumer shopp ing  p a t t e r n s ,  w hich u n d e r ly  such  a  m ethod , on 
th e  o t h e r .
The method o f  t r a d i n g  a r e a  a n a l y s i s  assumes t h a t  s t e r e o ty p e d  s p a t i a l  
b e h a v io r a l  p a t t e r n s  e x i s t  among consum ers i n  te rm s o f  s t a b i l i z e d  p a t ro n a g e  
o f  a p a r t i c u l a r  r e t a i l  s t o r e ,  and p ro c e ed s  to  i d e n t i f y  zones  o f  p a t ro n a g e  
i n t e n s i t y  by way o f  e i t h e r  c o n c e n t r i c  d i s t a n c e  r i n g s  o r  p r o b a b i l i t y  con­
t o u r s  drawn around  th e  s t o r e .  T h is  h a s  o v e r  th e  p a s t  decade  s t i r r e d  up
109c o n t r o v e r s y  ov e r  th e  shape  o f  a r e t a i l  s t o r e ' s  m arke t a r e a ,  n o tw i th ­
s t a n d in g  th e  f a c t  t h a t  e m p i r i c a l  r e s e a r c h  f i n d i n g s  h a v e ,  f o r  a l l  p r a c t i c a l  
p u rp o s e s ,  f a i l e d  t o  r e v e a l  any c o n s i s t e n t  g e o g r a p h ic a l  p a t t e r n s  w h ich ,  i n  
one way o r  a n o th e r ,  c o r re sp o n d  to  th e  t h e o r e t i c a l  c o n c e n t r i c  r i n g s  o r  
p r o b a b i l i t y  c o n to u r  p r o f i l e s  p u r p o r te d  by th e  p ro p o n e n ts  o f  t h e  method o f  
t r a d i n g  a r e a  a n a l y s i s .
David L. H uff and R ic h a rd  R. B a s t e l l ,  " D e l im i t in g  t h e  A re a l  Ex­
t e n t  o f  a M arket A r e a ,"  J o u r n a l  o f  M ark e tin g  R e s e a r c h , V o l. 14 , No. 4 
(November, 1 9 7 7 ) ,  581 -8 6 ; P e t e r  L. Simons, "M easuring  The Shape D i s t o r ­
t i o n s  o f  R e t a i l  M arket A r e a s , "  G e o g ra p h ic a l  A n a ly s i s  (O c to b e r ,  1 9 7 4 ) ,  
331 -40 ; L o u is  P . B u c k l in ,  "T rad e  A rea B o u n d a r ie s :  Some I s s u e s  i n  Theory 
and M ethodo logy ,"  J o u r n a l  o f  M ark e t in g  R e s e a r c h , V o l.  8 (F e b ru a ry ,  1 9 7 1 ) ,  
3 0 -3 7 ;  P e t e r  L. Simons, "The Shape o f  Suburban R e t a i l  M arket A reas :  
I m p l i c a t io n s  from a L i t e r a t u r e  R eve iw ,"  J o u r n a l  o f  R e t a i l i n g , V o l. 49 ,
No. 4 (W in te r ,  1973 -1 9 7 4 );  Raymond Gambini and David L. H u ff ,  "G eom etric  
P r o p e r t i e s  o f  M arket A r e a s , "  R e g io n a l  S c ie n c e  A s s o c i a t io n  P a p e r s , V ol.
20 (1 9 6 7 ) , 8 5 -9 2 .
•^^D avid  B. MacKay, "M easuring  Shopping P a t t e r n s , "  G e o g ra p h ic a l  
A n a ly s is  (O c to b e r ,  1 9 7 3 ) ,  329 -37 ; J o se p h  B arry  Mason and C h a r le s  Thomas 
More, "An E m p ir ic a l  R e a p p r a i s a l  o f  B e h a v i o r i s t i c  A ssum ptions  i n  T rad in g  
Area S t u d i e s , "  J o u r n a l  o f  R e t a i l i n g , V o l.  46 , No. 4 (W in te r ,  197 0 -1 9 7 1 ) .
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As to  th e  p re s e n c e  o f  s t e r e o t y p e d  s p a t i a l  b e h a v io r a l  p a t t e r n s  
among consum ers , r e c e n t  r e s e a r c h  f i n d i n g s  on human s p a t i a l  b e h a v io r  
i n d i c a t e  t h a t  such  p a t t e r n s  emerge v i a  a  complex l e a r n i n g  p ro c e s s  and 
th rough  th e  c o n t in u o u s  i n t e r a c t i o n  o f  th e  i n d i v i d u a l s  w i th  t h e i r  
s p a t i a l  en v iro n m e n t .  H orton  and R e y n o l d s f o r  exam ple, p o s t u l a t e d  
t h a t  an i n d i v i d u a l ' s  s p a t i a l  b e h a v io r  i s  l i m i t e d  by h i s  " a c t i o n  s p a c e "  
which i n  tu r n  i s  b a se d  on h i s  " c o n c e p tu a l  map" o f  th e  u rban  e n v i ro n ­
m ent. The a u th o r s  found th e  l a t t e r  to  be  a f u n c t io n  o f  th e  i n d i v i d u a l ' s  
home l o c a t i o n ,  h i s  so c io -e c o n o m ic  a t t r i b u t e s ,  th e  o b j e c t i v e  ( a c t u a l )  
s p a t i a l  s t r u c t u r e  o f  th e  u rb an  en v iro n m e n t ,  and th e  l e n g th  o f  h i s  r e s i ­
dency a t  th e  p r e s e n t  l o c a t i o n .  Such f in d i n g s  have  been  s u p p o r te d  by 
r e c e n t  r e s e a r c h  r e l a t i n g  c o n f in e d  sh o p p in g  b e h a v io r  to  income and 
s o c i a l  c l a s s .
In  a d d i t i o n ,  H orton  an s  Reynolds s u g g e s te d  t h a t  th e  i n d i v i d u a l ' s  
" a c t i o n  s p a c e "  expands th ro u g h  l e a r n i n g .  Thus, a new im m ig r a n t 's  
" a c t i o n  sp ac e "  expands c o n t i n u a l l y  th ro u g h  h i s  i n t e r a c t i o n  w i th  th e  
u rban  en v iro n m en t u n t i l  i t  r e a c h e s  a  s t a t e  o f  e q u i l i b r iu m .  Such a 
s t a t e m e n t  was im p l ie d  by G e ra ld  R u sh to n 's * * ^  co n ce p t  o f  " r e v e a le d  sp ace
^ ^ F r a n k  E. H o rto n  and  David R. R ey n o ld s ,  " E f f e c t s  o f  Urban Spa­
t i a l  S t r u c t u r e  on I n d i v i d u a l  B e h a v io r , "  Economic Geography, V o l. 47 
( J a n u a ry ,  1971), 3 6 -4 8 .
112A rieh  Goldman, "C onfined  Shopping  B eh a v io r  Among Low Income 
Consumers: An E m p ir ic a l  T e s t , "  J o u r n a l  o f  M ark e tin g  R e s e a rc h , Vol. 15 
(F e b ru a ry ,  1978), 11 -19 .
^ ^ G e r a l d  Rush to n ,  " B e h a v io ra l  C o r r e l a t e s  o f  Urban S p a t i a l  S t r u c ­
t u r e , "  Economic Geography, V o l.  47 , No. l ( J a n u a r y ,  1971), 4 9 -5 8 ;  "A nal­
y s i s  o f  S p a t i a l  B e h a v io r  by R ev ea led  Space p r e f e r e n c e , "  A nnals  o f  t h e  
A s s o c ia t io n  .of A m erican G e o g rap h e rs , V o l.  5 9 (1 9 6 9 ) ,  391-400 .
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p r e f e r e n c e ” , and C o l le d g e 's * * ^  c o n cep t  o f  "Maximum advan tage  and compe­
t i t i o n  z o n e s .”
C o lled g e  s u g g e s te d  t h a t  i n d i v i d u a l  sh o p p e rs  deve lop  v a ry in g  behav­
i o r a l  s t r a t e g i e s  i n  th e  fa c e  o f  u n c e r t a i n t y  as  to  th e  outcome o f  t h e i r  
sh o p p in g  t r i p s .  Over t im e ,  and as  sh o p p ers  become aware o f  a v a i l a b l e  
sh o p p in g  o p p o r t u n i t i e s  t h e i r  a r e a  o f  i r r a t i o n a l  c h o ic e  d e c r e a s e s ,  and 
s t e r e o ty p e d  b e h a v io r a l  p a t t e r n s  become e s t a b l i s h e d .
I n  a  s i m i l a r  v e i n ,  C adw allader**’’ found t h a t  consum ers ' s p a t i a l  
sh o p p in g  p a t t e r n s  change w i th  i n c r e a s e d  in f o r m a t io n  a b o u t  a v a i l a b l e  
shopp ing  o p p o r t u n i t i e s .  He p roposed  t h a t  g r a v i t y  models be  amended so 
a s  to  r e f l e c t  th e  im p ac t  o f  in fo r m a t io n  a s  f o l lo w s :
pi = £ (V  V  V  ;
C a d w a l la d e r 's  model e x p r e s s e s  th e  p r o b a b i l i t y  o f  a  consumer p a t r o n i z i n g  
a  g iv e n  s t o r e  i  i n  te rm s  o f  some m easure o f  s t o r e  i ' s  a t t r a c t i v e n e s s ,
A^, some m easure  o f  i t s  d i s t a n c e  from th e  c o n su m e r 's  r e s id e n c e ,  D^, and 
some measure o f  th e  amount o f  in f o r m a t io n  g e n e r a te d  by th e  s t o r e ,  1^ .
The l a t t e r  f a c t o r  was m easured  i n  term s o f  co n su m e r 's  aw areness  o f  th e  
s t o r e .
P a t  Burnett,**** on th e  o t h e r  h a n d , a t t e m p te d  to  i d e n t i f y  th e  p ro p -
**^R. G. C o l le d g e ,  " C o n c e p tu a l iz in g  th e  M arket D e c is io n  P r o c e s s , "
J o u r n a l  o f  R eg io n a l S c i e n c e , V ol. 7, No. 2 (S upp lem en t,  1967), 239-58 .
****Martin C ad w a lla d e r ,  "A B e h a v io ra l  Model o f  Consumer S p a t i a l  
D e c is io n  M aking ."  Economic Geography, V o l .51 , N o .4 (0 c to b e r ,  1975), 338-49.
****Pat B u r n e t t ,  "The D im ensions o f  A l t e r n a t i v e s  i n  S p a t i a l  Choice 
P r o c e s s e s , "  G e o g rap h ica l  A n a ly s is  ( J u l y ,  1973), 181-204.
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e r t i e s  o f  s p a t i a l  a l t e r n a t i v e s  as they  a re  p e rc e iv e d  by d i f f e r e n t  i n d i ­
v i d u a l s ,  and th e  way they  v a r r i e d  w i th  s u c c e s s iv e  c h o ic e s  o v e r  t im e .
The a u th o r  found t h a t  " th e  g r e a t e r  th e  d eg ree  o f  l e a r n i n g  ab o u t a l t e r ­
n a t i v e s ,  th e  more s t e r e o ty p e d  th e  b e h a v io r  w i t h i n  s p a t i a l  s t r u c t u r e s  
becomes .
The i m p l i c a t i o n s  h e r e  a r e  t h a t  s t e r e o ty p e d  shopp ing  b e h a v io r  deve­
lo p s  o v e r  tim e a s  consum ers a d j u s t  to  th e  s p a t i a l  s t r u c t u r e  o f  t h e i r  
r e t a i l  en v iro n m e n t ,  and t h a t  a t  any p o in t  i n  tim e consumers te n d  to  
l i m i t  t h e i r  sh o p p in g  a c t i v i t i e s  to  a s u b s e t  o f  a v a i l a b l e  shopp ing  
o p p o r t u n i t i e s .
However, t h i s  does n o t  n e c e s s a r i l y  mean t h a t  r e p e t i t i v e  
p a t ro n a g e  o f  a s i n g l e  r e t a i l  f a c i l i t y  p r e v a i l s  among consum ers . On th e  
c o n t r a r y ,  consum ers a r e  known to  p u rc h a se  a  m u l t i p l i c i t y  o f  i te m s  and 
they  seldom  have th e  a d v an ta g e  o f  s a t i s f y i n g  a l l  o f  t h e i r  n eed s  by 
v i s i t i n g  a s i n g l e  s t o r e .  T h e r e f o r e ,  m u l t i - s t o r e  p a t ro n a g e  becomes
118e s t a b l i s h e d  a s  a r e s p o n se  to  a  need  f o r  more th a n  one ty p e  o f  s t o r e s .  
B e s id e s ,  consumers te n d  to  economize i n  tim e  and e f f o r t  s p e n t  on i n d i ­
v id u a l  t r a n s a c t i o n s  by way o f  p lan n ed  m u l t i - p u r p o s e  m u l t i - s t o p  shopp ing  
t r i p s  to  e s t a b l i s h m e n t s  l o c a t e d  w i t h i n  s h o r t  d i s t a n c e s  o f  one a n o th e r .  
I n c re a s e d  ex p o su re  to  media a d v e r t i s i n g  h a s ,  more o f t e n  th a n  n o t ,  made
117I b i d . , P . 198.
l l^ D a v id  A. A aker and Morgan J o n e s ,  "M odeling S to r e  Choice Behav- 
i o r , "  J o u r n a l  o f  M ark e tin g  R e s e a rc h , V o l. 8 (F e b ru a ry ,  1971), 38 -42 .
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119such t r i p s  s u c c e s s f u l .  Under such c i r c u m s ta n c e s ,  p l a c e  conven ience  
o f t e n  ta k e s  on a  d i f f e r e n t  meaning th a n  th e  one c l o s e s t  to  th e  con­
s u m e r 's  r e s i d e n c e .  B e s id e s ,  d i s t a n c e s  t r a v e l e d  may i n c r e a s e  when th e
consumer e x p e c ts  to  acco m p lish  s e v e r a l  t a s k s  on a  s i n g l e  sho p p in g  
120t r i p .  T h e r e f o r e ,  w henever consumers hav e  th e  o p p o r tu n i ty  o f  b u y ing
th e  same p ro d u c t  a t  more th a n  one s t o r e ,  t h e i r  l o y a l t y  to  any one s t o r e
i s  by no means f i n a l .
Nor does th e  p re v io u s  d i s c u s s io n  im ply t h a t  p a t ro n a g e  p a t t e r n s
a r e  s t a b l e  o v e r  t im e .  T h is ,  o f  c o u r s e ,  i s  due to  t h e  dynamic n a t u r e  o f
th e  system  o f  u rban  a c t i v i t i e s ,  and th e  fundam en ta l in te rd e p e n d e n c e
betw een s p a t i a l  b e h a v i o r a l  p a t t e r n s  and th e  s p a t i a l  d i s t r i b u t i o n  o f
121th e s e  a c t i v i t i e s .
The e x t e n t  o f  th e  t r a d i n g  a r e a  o f  a  r e t a i l  f a c i l i t y  c a n n o t ,  t h e r e ­
f o r e ,  be  s o l e l y  d e te rm in e d  on th e  b a s e s  o f  co n su m ers ' p l a c e  o f  r e s i ­
dency and th e  l o c a t i o n s  o f  n e a rb y  c o m p e t i to r s ,  a s  h a s  so f a r  been  sug ­
g e s te d  by th e  p ro p o n e n ts  o f  g r a v i t y  m ode ls ,  b u t  a l s o  by  th e  t o t a l i t y  o f  
th e  s p a t i a l  s t r u c t u r e  o f  th e  r e t a i l  a c t i v i t i e s  p r e s e n t  i n  th e  u rban
119W ill ia m  Dommermuth and Edward W. C u n d i f f ,  "Shopping  Goods, 
Shopping C e n te r s ,  and S e l l i n g  S t r a t e g i e s , "  J o u r n a l  o f  M a rk e t in g , Vol. 
31 (O c to b e r ,  1967), 3 2 -3 6 . •
120David B. MacKay, "A M ic r o a n a ly t i c  Approach to  S to r e  L o c a t io n  
A n a l y s i s , "  J o u r n a l  o f  M ark e tin g  R e s e a rc h , V o l. 9 (May, 1972).
L e s l i e  C u rry ,  " C e n t r a l  P la c e s  i n  th e  Random S p a t i a l  Economy," 
J o u rn a l  o f  R eg io n a l  S c i e n c e , V o l. 7, No. 2 (S u p p lem en t,  1967 ), 210; 
Grady D. B ru ce ,  "The E c o lo g ic a l  S t r u c t u r e  o f  R e t a i l  I n s t i t u t i o n s , "  
J o u r n a l  o f  M ark e tin g  R e s e a r c h , V o l. 6 (F e b ru a ry ,  1969), 4 8 -5 3 .
94
e n v iro n m e n t .  In  t h i s  r e s p e c t ,  a  number o f  l o c a t i o n a l  f a c t o r s  such  as 
th e  c e n t r a l i t y ,  i n t e r c e p t i b i l i t y ,  p ro x im i ty  to  t r a f f i c  g e n e r a t o r s ,  and 
o v e r a l l  a c c e s s i b i l i t y  o f  th e  r e t a i l  f a c i l i t y ' s  l o c a t i o n  a r e  e x p e c te d  to  
p la y  a l a r g e r  r o l e  i n  d e te rm in in g  th e  e x t e n t  o f  i t s  t r a d i n g  a r e a .
The c e n t r a l i t y  o f  a  r e t a i l  f a c i l i t y ' s  l o c a t i o n  r e f e r s  to  th e
123number o f  r e t a i l  f u n c t io n s  l o c a t e d  i n  c l o s e  p r o x im i ty  to  th e  f a c i l i t y ,  
t h e i r  c o m p le m e n ta r i ty ,  c o m p a t i b i l i t y ,  and c o m p e t i t iv e n e s s  w i th  i t s  
r e t a i l i n g  a c t i v i t y .
O v e ra l l  l o c a t i o n a l  a c c e s s i b i l i t y  r e f e r s  to  th e  amount o f  t r a v e l  
tim e needed to  reach  a  g iv e n  p o i n t  i n  an u rb an  a r e a  from any o t h e r  p o in t  
i n  th e  same a r e a .  An in d e x  o f  a c c e s s i b i l i t y  i s  u s u a l l y  c o n s t r u c t e d  to  
r e f l e c t  th e  e f f i c i e n c y  o f  e x i s t i n g  s t r e e t  n e tw o rk s  i n  a  g iv e n  m e tro ­
p o l i t a n  a r e a  i n  term s o f  red u ced  t r a v e l  tim e among v a r io u s  m a jo r  p o i n t s
122 Few r e s e a r c h  s t u d i e s  have  b een  r e p o r t e d  i n  t h e  l i t e r a t u r e  w hich 
h av e  r e l a t e d  th e  l o c a t i o n a l  v i a b i l i t y  o f  a r e t a i l  f a c i l i t y  to  th e  r e t a i l  
s t r u c t u r e  o f  th e  u rb an  en v iro n m e n t .  One su ch  s tu d y  i s  r e p o te d  i n  L. A. 
W hite and J .  B. E l l i s ,  "A System  C o n s t r u c t  f o r  E v a lu a t in g  R e t a i l  M arket 
L o c a t i o n s , "  J o u r n a l  o f  M ark e tin g  R e s e a r c h , V o l.  8 (F e b ru a ry ,  1971), 4 3 -6 .  
The a u th o r s  used  g raph  th e o ry  and ne tw ork  a n a l y s i s  to  p r e d i c t  t h e  y e a r l y  
s a l e s  o f  a s u p e rm a rk e t .  T h e i r  m odel, how ever, can  be  used  to  p r e d i c t  
changes i n  a  r e t a i l  s t o r e ' s  s a l e s  volume due to  m a jo r  ro a d  a n d /o r  s t o r e s  
c h a n g e s .
^ ^ W i l l a r d  R. B ish o p , J r . ,  and E a r l  H. Brown, "An A n a ly s i s  o f  Spa­
t i a l  Shopping B e h a v io r , "  J o u r n a l  o f  R e t a i l i n g , Vol. 45 , No. 2 (Summer, 
1969), 23 -30 ; B r ia n  J .  L. B e r ry ,  H. G. Bamum, and R. J .  T en n an t,  
" R e t a i l  L o c a t io n  and Consumer B e h a v io r , "  P ro c e e d in g s  o f  th e  R eg io n a l  
S c ie n ce  A s s o c i a t i o n , V o l. 9 (1 9 6 2 ) ,  6 5 -1 0 6 .
* ^ W h i le  t h e r e  i s  a  w id e sp re a d  r e c o g n i t i o n  o f  th e  f a c t  t h a t  
c e r t a i n  ty p e  o f  s t o r e s  seems to  have  a f f i n i t i e s  f o r  some o t h e r  ty p e  o f  
s t o r e s ,  v e ry  few s t u d i e s  have  been  r e p o r t e d  i n  th e  l i t e r a t u r e  w hich  have 
examined th e  s i g n i f i c a n c e  o f  ty p e  a s s o c i a t i o n  among r e t a i l  s t o r e s .  One
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125i n  th e  a r e a .  W ill iam  Muraco, f o r  exam ple, h a s  c o n s t r u c t e d  two i n t r a ­
u rban  a c c e s s i b i l i t y  in d e c e s  f o r  th e  c i t i e s  o f  I n d i a n a p o l i s ,  I n d ia n a ,  and 
Columbus, O hio , u s in g  graph  th e o ry  and ne tw ork  a n a l y s i s .  The s tu d y  
showed t h a t  c e r t a i n  nodes on a  g iv e n  t r a f f i c  ne tw ork  w ere g e n e r a l l y  more 
a c c e s s i b l e  th a n  o t h e r s  from any o t h e r  node on th e  same n e tw o rk .  The 
im p o r tan ce  o f  such  in d e c e s  l i e s  i n  t h e i r  a b i l i t y  to  p r e d i c t  th e  changes 
i n  th e  a c c e s s i b i l i t y  o f  a g iv en  l o c a t i o n  due to  a c t u a l  o r  p lan n ed  
changes i n  e x i s t i n g  s t r e e t  ne tw orks  and t r a f f i c  f lo w s .
F i n a l l y ,  i n t e r c e p t i b i l i t y  c o n te m p la te s  a  h e a v i l y  t r a v e l e d  a r e a  
w here cu s to m ers  a r e  " i n t e r c e p t e d "  d u r in g  t h e i r  r e g u l a r  t r a v e l  p a t t e r n s  
be tw een p la c e s  o f  o r i g i n s  and d e s t i n a t i o n s .
To sum m arize, th e  co n ce p t  o f  a  t r a d i n g  a r e a  p r o v id e s  a s u i t a b l e  
framework f o r  e v a l u a t i n g  a l t e r n a t i v e  l o c a t i o n  d e c i s i o n s .  N e v e r t h e l e s s ,  
t h e  c o n cep t  does n o t  le n d  i t s e l f  e a s i l y  to  e m p i r i c a l  o p e r a t i o n a l i z a t i o n .  
T h is  i s  due i n  p a r t  to  th e  f a c t  t h a t  th e  t r a d i n g  a r e a  o f  a r e t a i l  
f a c i l i t y  i s  th e  j o i n t  p ro d u c t  o f  a h o s t  o f  s im u l ta n e o u s ly  i n t e r a c t i n g  
f a c t o r s  o f  which th e  c e n t r a l i t y ,  i n t e r c e p t i b i l i t y ,  and a c c e s s i b i l i t y  
o f  th e  f a c i l i t y ' s  l o c a t i o n  a r e  b u t  few f a c t o r s .  The method o f  t r a d i n g  
a r e a  a n a l y s i s  d i s c u s s e d  i n  t h i s  s e c t i o n  f a l l s  s h o r t  o f  c o n s id e r in g  th e  
c o m p le x i ty  o f  th o s e  f a c t o r s .  I t  was s u g g e s te d ,  b a se d  on r e s e a r c h
such s tu d y  i s  r e p o r t e d  i n  A r th u r  G e t i s  and J u d i t h  G e t i s ,  " R e t a i l  S to r e  
S p a t i a l  A f f i n i t i e s , "  Urban S t u d i e s , V ol. 5 (November, 1068).
1 2 5 W illiam  A. Muraco, " I n t r a - U r b a n  A c c e s s i b i l i t y , "  Economic Geo­
graphy , V o l. 48 , No. 4 (O c to b e r ,  1972), 388-404.
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f in d i n g s  on co n su m ers ' s p a t i a l  b e h a v io r ,  t h a t  a  r e t a i l  f a c i l i t y ' s  
l o c a t i o n  be c o n s id e r e d  as  a  p o i n t  i n  th e  s p a t i a l  s t r u c t u r e  o f  i t s  
r e t a i l  en v iro n m e n t .  S in ce  consum ers ' s p a t i a l  b e h a v io r  i s  a  fu n c t io n  of 
th e  s p a t i a l  s t r u c t u r e  o f  th e  u rban  e n v iro n m e n t ,  such  a  c o n s i d e r a t i o n  
would i n j e c t  needed  b e h a v io r a l  d im en s io n s  i n t o  th e  l o c a t i o n a l  d e c i s io n s  
o f  r e t a i l  e s t a b l i s h m e n t s .
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b .  P a t ro n a g e  M otives  o f
G a so l in e  S e rv ic e  S t a t i o n s .
Very few s t u d i e s  have been  r e p o r t e d  in  th e  l i t e r a t u r e  which have 
e x p l i c i t l y  c o n s id e re d  t h e  a n a l y s i s  o f  v a r io u s  f a c t o r s  in v o lv e d  i n  con­
su m ers '  s e l e c t i o n  and r e p e a t e d  p a t ro n a g e  o f  g a s o l i n e  s e r v i c e  s t a t i o n s .
1 26One such  s tu d y  was c o n d u c ted  by R ich a rd  A. H am ilto n ,  and i s  rev iew ed  
below .
H a m il to n 's  s tu d y  was co n d u c ted  i n  Columbus, O hio , and i t  aimed a t  
d e te rm in in g  th e  v a r i o u s  p a t ro n a g e  f a c t o r s  u n d e r ly in g  consum ers ' c h o ic e  
o f  g a s o l i n e  s e r v i c e  s t a t i o n s .  The d a t a  f o r  th e  s tu d y  was c o l l e c t e d  o v e r  
a th re e -w e e k  p e r io d  o f  tim e  from a sam ple o f  300 i n d i v i d u a l s  by way o f 
p e r s o n a l  i n t e r v i e w s  c o n d u c ted  by p r o f e s s i o n a l  i n t e r v i e w e r s .  A l l  r e ­
sp o n d en ts  w ere  chosen  by a s t r a t i f i e d  sam pling  p ro c e d u re  and on th e  
c o n d i t i o n  t h a t  th e y  have  th e  p r im ary  r e s p o n s i b i l i t y  f o r  th e  upkeep o f  an  
a u to m o b i le .  The a n a l y s i s  o f  t h e  d a t a  c e n te r e d  a round  a  number o f  i s s u e s  
among w hich a r e  p r i c e  c o n s c io u s n e s s ,  b u y ing  h a b i t s ,  b ran d  l o y a l t y ,  and 
th e  c h a r a c t e r i s t i c s  o f  g a s o l i n e  s e r v i c e  s t a t i o n s  a s  d e te r m in a n ts  o f  
s t a t i o n  c h o ic e  d e c i s i o n s .
P r i c e  c o n s c io u s n e s s  o f  t h e  r e s p o n d e n ts  was m easured  by com paring 
th e  p r i c e  p e r  g a l l o n  w hich  th e  r e s p o n d e n ts  th o u g h t  th e y  p a id  f o r  t h e i r  
l a s t  g a s o l i n e  p u r c h a s e ,  w ith- t h e  p r i c e  th e y  a c t u a l l y  p a id  a s  d e te rm in e d  by 
a  c o o p e r a t in g  d i s t r i c t  o f f i c e  o f  an  o i l  company w hich  m o n ito red  g a s o l i n e
■ ^ R ic h a r d  A. H a m ilto n ,  "A F a c t o r  A n a l y t i c a l  S tudy o f  R e t a i l  Gaso­
l i n e  Consum ption" (Ph.D. D i s s e r t a t i o n ,  Kent S t a t e  U n i v e r s i t y ,  1973) .
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p r i c e s  a t  l o c a l  s t a t i o n s  f o r  th e  d u r a t i o n  o f  th e  su rv e y .
The r e s u l t s  o f  t h e  a n a l y s i s  showed t h a t  33% o f  a l l  r e s p o n d e n ts  
"knew1’ th e  p r i c e  th e y  l a s t  p a id  f o r  t h e i r  p u rc h a se  o f  g a s o l i n e  w i th in  
a  0 .9  c e n t s  m arg in  o f  e r r o r .  26% o f  t h e . r e s p o n d e n t s  had no id e a  abou t 
th e  p r i c e  th e y  l a s t  p a id  f o r  g a s o l i n e .  The m a jo r i t y  o f  th e  r e s p o n d e n ts ,  
how ever, had a m arg in  o f  e r r o r  o f  one to  f i v e  c e n t s  p e r  g a l lo n .
As to  th e  r e s p o n d e n t s '  g a s o l i n e  buy ing  h a b i t s ,  th e  m a j o r i t y  (67%) 
r e p o r t e d  t h a t  th e y  p u rc h a se  t h e i r  g a s o l i n e  w h ile  on a  shopp ing  t r i p .  
21 . 66% r e p o r t e d  t h a t  th e y  p u rch ased  g a s o l i n e  w h i le  on t h e i r  way coming 
from , o r  go ing  to  w ork. Only 11% o f  a l l  t h e  r e s p o n d e n ts  s a id  th e y  made 
a s p e c i a l  t r i p  to  a s t a t i o n  i n  o r d e r  to  p u rc h a se  g a s o l i n e .
When asked  a b o u t  th e  number o f  b lo c k s  th e y  u s u a l l y  t r a v e l  i n  o rd e r  
to  r e a c h  a c e r t a i n  g a s o l i n e  s t a t i o n ,  81.33% o f  th e  re s p o n d e n ts  s a id  
t h a t  th ey  u s u a l l y  t r a v e l  a maximum o f  10 b lo c k s  (a p p ro x im a te ly  1 m i le )  
from  th e  l o c a t i o n  th e y  happen to  be a t  o r  t h e i r  norm al t r a v e l  r o u t e  to  
t h e  s t a t i o n .  41.33% o f  th e  r e s p o n d e n ts  r e p o r t e d  t h a t  th e y  t r a v e l e d  1 to  
5 b lo c k s ,  and 13.33% s a i d  th e y  d id  n o t  t r a v e l  any b lo c k s .
The r e s p o n d e n t s '  b u y ing  h a b i t s  showed a ten d en cy  toward s t a t i o n  
p r e f e r e n c e  r a t h e r  th a n  b ran d  i n s i s t e n c e .  However, on o u t -o f - to w n  t r i p s  
many o f  t h e  r e s p o n d e n ts  r e p o r t e d  h a v in g  p a t r o n i z e d  o n ly  th o s e  s t a t i o n s  
o f f e r i n g  f a m i l i a r  g a s o l i n e  b ra n d s ,  th u s  r e f l e c t i n g  a  c e r t a i n  l e v e l  of 
b rand  l o y a l t y .
1 . P a t ro n a g e  F a c t o r s .
In  a d d i t i o n  t o  t h e  above a n a l y s i s ,  th e  a u th o r  f a c t o r  a n a ly z e d  112
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m o t iv a t io n a l  s t a t e m e n t s  which have been r a t e d  i n  te rm s  o f  th e  r o l e  each
s ta te m e n t  p la y ed  i n  t h e  r e s p o n d e n t s '  s e l e c t i o n  and r e p e a te d  p a t ro n a g e  o f
a  p a r t i c u l a r  s e r v i c e  s t a t i o n  o r  a  group o f  s t a t i o n s .  E ig h t  s i g n i f i c a n t
f a c t o r s  e x p la i n in g  53.73% o f  th e  v a r ia n c e ,  p r e s e n t  i n  th e  d a t a  w ere  e x t r a c t
127ed and i d e n t i f i e d  a s  f o l lo w s :
1 . p o te n cy  o f  p ro d u c t  and s e r v i c e  m ix,
2 . a )  c o n t in g e n t  l o c a t i o n ,  and
b) l o c a t i o n a l  c o n v e n ie n c e ,  .
3 .  m inor r e p a i r  s e r v i c e s ,
4 . p ro m o t io n a l  e f f o r t ,
5. s t a t i o n  a p p e a ra n c e ,
6 . c r e d i t ,
7. a d v e r t i s i n g ,  and
8 . r a p p o r t .
Of p a r t i c u l a r  im p o r tan c e  to  t h e  p r e s e n t  a n a l y s i s  i s  th e  second
f a c t o r  r e l a t e d  to  l o c a t i o n .  The r e s p o n d e n ts  seemed to  f a v o r  s t a t i o n s
lo c a t e d  on t h e i r  "norm al t r a v e l  r o u t e "  t o  a d r u g s t o r e ,  a  g ro c e ry  s t o r e ,
1 28a shopp ing  c e n t e r ,  and on t h e i r  way to  and from work. Such f a c t o r s  
c lo s e l y  c o rre sp o n d  to  t h e  norm al g a s o l i n e  p u rc h a se  b e h a v io r  c h a r a c t e r ­
i s t i c  o f  t h e - m a j o r i t y  o f  t h e  re s p o n d e n ts  who have i n d i c a t e d  t h a t  th e y  
made no s p e c i a l  t r i p s  t o  s e r v i c e  s t a t i o n s  i n  o r d e r  t o  p u rc h a se  g a s o l i n e .
2. The Im p o r tan ce  o f  C onven ience :
H a m il to n 's  s tu d y  r e p o r t e d  above r e f l e c t s  w hat have r e p e a t e d l y  been  
shown i n  consumer s u rv e y s  made on b e h a l f  o f  o i l  com panies nam ely, t h a t  
l o c a t i o n a l  co n v en ien ce  o f  g a s o l i n e  s e r v i c e  s t a t i o n s  i s  t h e  m ost im p o r ta n t
127I b i d . , C h ap te r  IV.
128I b i d . ,  P. 99.
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f a c t o r  in  consum ers ' s e l e c t i o n  o f  a  g a s o l i n e  r e t a i l  o u t l e t .
I t  sh o u ld  be m en tioned  h e r e ,  how ever, t h a t  th e  t h r e e  l o c a t i o n a l
f a c t o r s  d i s c u s s e d  a t  th e  end o f  th e  p re v io u s  s e c t i o n ,  V i z . ,  c e n t r a l i t y ,
a c c e s s i b i l i t y ,  and i n t e r c e p t i b i l i t y  a r e  b u t  c o r e l l a t e s  o f  l o c a t i o n a l
c o n v en ien ce .  T h e i r  r e l a t i v e  im p o r ta n c e ,  however, may v a ry  among v a r io u s
l o c a t i o n  ty p e s  and w i th  r e s p e c t  to  s t a t i o n  u s e r s .  For i n s t a n c e ,  a
s t a t i o n  may be c o n v e n ie n t ly  lo c a t e d  even though i t  i s  n o t  c lo s e  to  th e
u s e r ' s  home o r  p la c e  o f  work, b u t  on o r  n e a r  h i s  o r  h e r  custom ary  t r a v e l
r o u t e .  In  t h e  f o l lo w in g  s e c t i o n ,  v a r io u s  g a s o l i n e  s t a t i o n  l o c a t i o n  ty p e s
a r e  p r e s e n t e d ,  and t h e i r  r e l a t i v e  d e g re e s  o f  c e n t r a l i t y ,  a c c e s s i b i l i t y ,
and i n t e r c e p t i b i l i t y  a r e  d i s c u s s e d .
3 . L o c a t io n a l  C l a s s i f i c a t i o n  o f  G a so l in e  
S e rv ic e  S t a t i o n s : An O verview .
The l o c a t i o n a l  c l a s s i f i c a t i o n  o f  g a s o l i n e  s e r v i c e  s t a t i o n s  v a r i e s
w i th  th e  p o i n t  o f  v iew  o f  t h e  a n a l y s t .  In  g e n e r a l ,  f o u r  ty p e s  o f  s e r v i c e
129s t a t i o n  l o c a t i o n s  have  been  d i s t i n g u i s h e d  i n  t h e  l i t e r a t u r e .  They a r e :
a )  th e  R e s id e n t ia l -N e ig h b o rh o o d  ty p e  s t a t i o n  l o c a t i o n ,
129 See , f o r  exam ple, W ill iam  R. B ea to n , "The I n t e r s t a t e  Highway 
M arket and I m p l i c a t i o n s  f o r  t h e  P e tro le u m  M a r k e te r , "  J o u r n a l  o f  R e t a i l ­
i n g , V o l .45 , 2 (Summer, 196 9 ),  3 9 -5 2 ;  Roy D ru e g a r ,  " A p p ra is in g  S e rv ic e  
S t a t i o n  P r o p e r t i e s  f o r  t h e  O i l  Company i n  T r a n s i t i o n , "  The R ea l E s t a t e  
A p p r a i s e r , (M a rch -A p r i l ,  1 9 7 4 ) ,  1 3 -7 ;  C l i f f o r d  R. Jo h n so n ,  " A p p ra is in g  
S u c c e s s f u l  S e rv ic e  S t a t i o n s , "  The A p p r a i s a l  J o u r n a l  ( J u l y ,  1 9 7 1 ) ,  438-49; 
Guy V. Sm ith , "D ecreased  D iv e rg en ce  i n  S e rv ic e  S t a t i o n  A p p r a i s a l s , "  The 
A p p r a i s a l  J o u r n a l  ( J a n u a ry ,  1 9 7 1 ) ,  82 -93 ; W ill iam  R. B eaton  and Thomas H. 
H a l l ,  " S e r v ic e  S t a t i o n  S i t e  C o n s id e r a t io n  on th e  I n t e r s t a t e  H ighw ay,"
The A p p r a i s a l  J o u r n a l  (O c to b e r ,  1 9 6 8 ) ,  559-67 ; F rank  David P o r t e r ,  I I I . ,  
" F a c to r s  and T rends i n  th e  S e rv ic e  S t a t i o n  I n d u s t r y , "  The R ea l  E s t a t e  
A p p ra i s e r  (November-December, 1 9 6 8 ) ,  4 5 -4 7 ;  R ic h a rd  A. M i l l e r ,  " S a le s  
V a r i a b i l i t y  i n  S e rv ic e  S t a t i o n s , "  J o u r n a l  o f  M a r k e t in g , V o l. 29 ( A p r i l ,  
19 6 5 ) ,  2 8 -32 ; James C. R a le ig h ,  " A p p r a i s a l  o f  G a s o l in e  S e r v ic e  S t a t i o n s , "  
The A p p r a i s a l  J o u r n a l  ( J a n u a ry ,  1 9 6 6 ) ,  79 -82 .
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b) th e  Shopping C e n te r  ty p e  s t a t i o n  l o c a t i o n ,
c) th e  Prim ary  Highway ty p e  s t a t i o n  l o c a t i o n ,  and
d) th e  I n t e r s t a t e  I n te r c h a n g e  type  s t a t i o n  l o c a t i o n .
a) The R e s id e n ta i l -N e ig h b o rh o o d  Type L o c a t io n .
A r e s i d e n t i a l  g a s o l i n e  s e r v i c e  s t a t i o n  i s  u s u a l l y  l o c a t e d  a t  
th e  p e r ip h e r y  o f  a r e s i d e n t i a l  a r e a  i n  a c i t y .  The most e co n o m ica l ly  
f e a s i b l e  s i t e s  a re  th o s e  l o c a t e d  i n  th e  d e n se ly  p o p u la te d  a r e a s  con­
t a i n i n g  r e s i d e n t s  w i th  av e rag e  income l e v e l s  above t h a t  o f  th e  c i t y ' s .
A ne ighborhood  s t a t i o n ,  u n l ik e  o t h e r  l o c a t i o n a l  t y p e s ,  draws most
o f  i t s  cu s to m ers  from th e  n e ig h b o r in g  r e s i d e n t i a l  a r e a .  For exam ple,
i n  a  su rv ey  o f  628 a c t i v e  cu s to m ers  o f  a n e ighborhood  s e r v i c e  s t a t i o n ,
i t  was found t h a t  be tw een  65 and 75 p e r c e n t  o f  th e  s t a t i o n ' s  custom ers
130r e s i d e  o r  work w i t h i n  o n e - a n d - o n e - h a l f  m i le s  o f  th e  s t a t i o n .
b) The Shopping C e n te r  Type L o c a t io n .
S e rv ic e  s t a t i o n s  l o c a t e d  a t  th e  p e r ip h e r y  o f  a sho p p in g  c e n t e r  
b e n e f i t  m o s tly  from th e  c e n t r a l i t y  o f  t h e i r  l o c a t i o n  i n  t h a t  th ey  have 
th e  a d v an tag e  o f  b e in g  exposed  to  a  wide ran g e  o f  p r o s p e c t i v e  cus tom ers  
who a re  u s u a l l y  drawn by th e  s t r o n g  a p p e a l  o f  th e  n e ig h b o r in g  r e t a i l  
a c t i v i t i e s .  The more p r e f e r r e d  s i t e s ,  o f  c o u r s e ,  a r e  th o s e  a s s o c i a t e d  
w i th  l a r g e r  shopp ing  c e n t e r s  c o n ta i n in g  s e v e r a l  m a jo r  d e p a r tm en t  s t o r e s  
and many s m a l l  r e t a i l  b u s i n e s s e s .  Sm all community sh o p p in g  c e n t e r s ,  on 
th e  o t h e r  h and , p ro v id e  l e s s  a t t r a c t i v e ,  b u t  p ro m is in g ,  a l t e r n a t i v e  
l o c a t i o n s  e s p e c i a l l y  when th ey  in c lu d e  one o r  more l a r g e  n a t i o n a l  o r  
r e g i o n a l  food s t o r e s  o r  o t h e r  s i g n i f i c a n t  ty p e s  o f  t r a f f i c  g e n e r a t o r s .
130 Guy V. S m ith , "D ecreased  D iv e rg en ce  i n  S e r v ic e  . . . , " .  P . 88 .
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Many s t a t i o n  o p e r a t o r s ,  how ever, b e l i e v e  t h a t  g a s o l i n e  s e r v i c e  
s t a t i o n s  sh o u ld  n o t  be  l o c a t e d  i n  a shopp ing  c e n t e r ,  b u t  r a t h e r  i n  a 
r e a s o n a b le  p ro x im i ty  t o  i t  so  as  n o t  to  be e n t i r e l y  dep en d en t  on th e  
cu s to m ers  who come to  th e  c e n t e r  d u r in g  shopp ing  h o u r s .  I n  such  a c a s e ,  
t h e  s t a t i o n  o p e r a t i n g  h o u rs  would have to  m atch th o s e  o f  th e  c e n t e r  
s i n c e ,  a f t e r  t h e  cu s to m ers  l e a v e  th e  c e n t e r ,  th e  s t a t i o n  would have 
no p r o s p e c t s  f o r  b u s i n e s s .
c )  The P r im ary  Highway Type L o c a t io n .
S t a t i o n s  b u i l t  on m a jo r  a r t e r i a l  highw ays p r o v id e  s e r v i c e s  to  
commuters t r a v e l i n g  from  n e a rb y  com m unities  to  i n d u s t r i a l  and com m ercial 
employment c e n t e r s .  Such s t a t i o n s  a r e  u s u a l l y  l o c a t e d  a t  t h e  i n t e r s e c ­
t i o n  o f  p r im ary  h ighw ays and s ec o n d a ry  r o a d s .
d) The I n t e r s t a t e  Highway Type L o c a t io n .
S t a t i o n s  l o c a t e d  a t  th e  I n t e r s t a t e  highway sy s tem , u n l i k e  n e ig h b o r ­
hood s t a t i o n s ,  depend m o s t ly  on t r a n s i e n t  cu s to m ers  f o r  t h e i r  b u s in e s s .  
The s p a c in g  o f  su ch  s t a t i o n s  a lo n g  th e  I n t e r s t a t e  highway h a s  somewhat 
depended upon o t h e r  n e a rb y  com m ercial e s t a b l i s h m e n t s  su ch  a s  m o te l s ,  
r e s t a u r a n t s ,  and so  on . V i r t u a l l y  a l l  I n t e r s t a t e  highway l o c a t i o n s  a r e  
a t  o r  n e a r  an  i n t e r c h a n g e .  The l a t t e r  i s  a  f o c a l  p o i n t  f o r  v e h i c u l a r  
t r a f f i c  and h a s  s e v e r a l  p o t e n t i a l l y  a t t r a c t i v e  f e a t u r e s  among w hich a r e  
th e  p o s s i b i l i t y  o f  t r a f f i c  from sec o n d a ry  r o a d s ,  lo w er t r a f f i c  sp e e d ,  and 
a u n iq u e  o p p o r tu n i ty  f o r  m o t o r i s t s  t o  r e f u e l  b e f o r e  e n t e r i n g  and a f t e r  
l e a v i n g  th e  highw ay. I n  a d d i t i o n ,  s t a t i o n s  so  l o c a t e d  o f t e n  have  th e  
added ad v an ta g e  o f  a t t r a c t i n g  l o c a l  t r a f f i c  w here  th e  i n t e r c h a n g e  i s
103
i n  r e a s o n a b le  p ro x im i ty  t o  a n earb y  p o p u la te d  a r e a .  In  t h i s  r e s p e c t ,
Smith and Mason^33 have  c l a s s i f i e d  highway in te r c h a n g e  l o c a t i o n s  i n t o  
t h r e e  c a t e g o r i e s :  a )  u rb a n ,  b )  su b u rb an , and c) r u r a l  l o c a t i o n s .
Urban i n t e r c h a n g e  l o c a t i o n s  a r e  i n  m e t r o p o l i t a n  a r e a s  where most 
m a rk e te r s  s ee k  r e p r e s e n t a t i o n .  S t a t i o n s  l o c a t e d  a t  such  in te r c h a n g e s  
draw t h e i r  cu s to m ers  n o t  o n ly  from th e  I n t e r s t a t e  t r a f f i c  , b u t  a l s o  from 
c r o s s  t r a f f i c  and l o c a l  t r a d e .  P r e s e n t l y  m ost u rb an  in te r c h a n g e  l o c a t i o n s  
a r e  a l r e a d y  h e a v i l y  d ev e lo p ed  w i th  g a s o l i n e  s t a t i o n s ,  food  f a c i l i t i e s ,  
m o te l s ,  and o t h e r  com m ercial a c t i v i t i e s .
Suburban in t e r c h a n g e s  a r e  u s u a l l y  found on o r  n e a r  t h e  f r i n g e s  o f  
u rb an  c e n t e r s  and i n  p a r t i a l l y  dev e lo p ed  a r e a s .  F i n a l l y ,  r u r a l  i n t e r ­
changes a r e  l o c a t e d  i n  th e  open c o u n t r y s i d e .  S t a t i o n s  i n  t h e s e  l o c a t i o n s  
a r e  a lm o s t  e n t i r e l y  dep en d en t upon I n t e r s t a t e  t r a f f i c .  I n  g e n e r a l ,  
how ever, sub u rb an  a s  w e l l  a s  r u r a l  g a s o l i n e  s t a t i o n s  p ro v id e  m o t o r i s t s  
w i th  more th a n  g a s o l i n e .  They u s u a l l y  c a t e r  to  t h e i r  n eed s  i n  te rm s  o f  
fo o d ,  lo d g in g ,  and o t h e r  s e r v i c e s .
I n  a  s tu d y  o f  g a s o l i n e  s e r v i c e  s t a t i o n  developm ents  a t  in t e r c h a n g e s  
i n  Alabama d u r in g  t h e  p e r io d  from 1964 to  1970, Smith and Mason found 
t h a t  such  f a c i l i t i e s  have  acco u n te d  f o r  63% o f  a l l  l a n d - u s e  changes  a t  
th o s e  l o c a t i o n s  w hich to o k  p l a c e  d u r in g  t h a t  p e r io d  o f  t im e .  Average
131grooks E. Smith and Joseph B. Mason, "Service Station Development 
a t  Interchanges in Alabama," Traffic Quarterly ( J u l y ,  1 9 7 5 ) ,  441-55 .
132I b i d . , PP. 443-450 .
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d a i l y  t r a f f i c  on th e  c r o s s - r o u t e s ,  p o p u la t io n  d e n s i t y ,  and th e  number 
o f  r e g i s t e r e d  v e h i c l e s  were among th e  f a c t o r s  a s s o c i a t e d  w i th  th e  number 
o f  s t a t i o n s  a t  th e  i n t e r c h a n g e s . -*-32
The d e g re e  o f  a  s t a t i o n ' s  v i s i b i l i t y ,  b e s id e s  i n t e n s i t y  o f  t r a f ­
f i c ,  seems to  be an im p o r ta n t  f a c t o r  c o n t r i b u t i n g  to  th e  s u c c e s s  o f  th e  
s t a t i o n s  lo c a t e d  a t  highway i n t e r c h a n g e s .  T h is  i s  so b ecau se  t r a n s i e n t  
m o t o r i s t s  o f t e n  need ample advance  v i s u a l  n o t i c e  o f  th e  a v a i l a b i l i t y  o f  
th e  f a c i l i t y  and th e  s e r v i c e s  o f f e r e d .  Such a  f a c t o r  i s  g e n e r a l l y  o f  
l e s s e r  im p o r tan ce  to  s t a t i o n s  lo c a t e d  i n  r e s i d e n t i a l  a r e a s .
In  c o n c lu s io n ,  t h e  f o l lo w in g  rem arks can be i n f e r r e d  from th e  above 
d i s c u s s i o n .
1. A n e ighborhood  g a s o l i n e  s e r v i c e  s t a t i o n  en jo y s  a h ig h  d e g re e  
o f  a c c e s s i b i l i t y  from th e  v ie w p o in t  o f  th e  s u r ro u n d in g  r e s i d e n t i a l  a r e a .  
However, su ch  a s t a t i o n  i s  u s u a l l y  a  s m a l l ,  low volume s t a t i o n  due to  th e  
f a c t  t h a t  i t s  t r a d i n g  a r e a  i s  l i m i t e d  t o  i t s  im m ediate  s u r ro u n d in g s .
2. A p r im ary  highway s t a t i o n ,  o r  a  s t a t i o n  l o c a t e d  a t  an u rb an  
highway i n t e r c h a n g e ,  e n jo y s  r e l a t i v e l y  h ig h e r  l e v e l s  o f  a c c e s s i b i l i t y  
and o f  i n t e r c e p t i b i l i t y .  The l a t t e r  c o n cep t  c o n te m p la te s  a l o c a t i o n  
w here p r o s p e c t i v e  c u s to m ers  a r e  i n t e r c e p t e d  i n  t h e i r  r e g u l a r  t r a v e l  r o u t e  
betw een th e  p o i n t s  o f  o r i g i n  and o f  d e s t i n a t i o n s .
3 . F i n a l l y ,  a s t a t i o n  lo c a t e d  a t  th e  p e r ip h e r y  o f  a shopp ing  c e n t e r  
h a s  a  h ig h  d e g re e  o f  c e n t r a l i t y  an d , e s p e c i a l l y  when th e  l o c a t i o n  i s  a t  o r  
n e a r  a  highway i n t e r c h a n g e ,  i t  a l s o  e n jo y s  a  h ig h  d e g re e  o f  i n t e r c e p t i b i ­
l i t y  and o f  a c c e s s i b i l i t y .
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c .  The L o c a t io n - A l lo c a t io n  P r o c e d u r e .
In  p re v io u s  s e c t i o n s ,  g r a v i t y  models a s  means f o r  t r a d i n g  a r e a  
measurement and l o c a t i o n  a n a l y s i s  were  e v a l u a t e d .  P o t e n t i a l  and s p a ­
t i a l  i n t e r a c t i o n  m odels , a s  v a r i a n t s  o f  g r a v i t y  m ode ls ,  were a l s o  
c o n s id e re d .  To i t e r a t e ,  th e  fo rm er ty p e  o f  models l o c a t e s  r e t a i l  
f a c i l i t i e s  w i th  r e s p e c t  to  e x i s t i n g  demand p o i n t s ,  w h i le  th e  l a t t e r  
type  a l l o c a t e s  th e  demand a t  e x i s t i n g  demand p o i n t s  to  v a r io u s  r e t a i l  
f a c i l i t i e s .  Both ty p e s  o f  m ode ls ,  t h e r e f o r e ,  a r e  r e l e v a n t  from th e  
p o in t  o f  view o f  r e t a i l  f a c i l i t i e s '  l o c a t i o n a l  p ro b lem s .
N o tw ith s ta n d in g ,  g r a v i t y  models were found to  f a l l  s h o r t  o f  con­
s i d e r i n g  th e  b e h a v io r a l  d im ensions  o f  consum ers ' b u y in g  h a b i t s .  In  
t h i s  r e s p e c t ,  a number o f  l o c a t i o n - s p e c i f i c  c r i t e r i a  w ere  deve loped  
fo l lo w in g  a l i t e r a t u r e  rev iew  o f  human s p a t i a l  b e h a v io r  in  g e n e r a l ,  
and consumer p a t ro n a g e  m o tiv es  o f  g a s o l i n e  s e r v i c e  s t a t i o n s  i n  p a r t i c ­
u l a r .  They a r e :  l o c a t i o n a l  a c c e s s i b i l i t y ,  i n t e r c e p t i b i l i t y ,  and cen­
t r a l i t y .
T h e re fo re ,  i n  d e v e lo p in g  th e  fo l lo w in g  l o c a t i o n a l  p ro c e d u re ,  th e  
b a s i c  c o n ce p ts  u n d e r ly in g  p o t e n t i a l  and s p a t i a l  i n t e r a c t i o n  models -
i . e .  f a c i l i t y  l o c a t i o n  and demand a l l o c a t i o n  -  w ere  combined i n  such  a 
way so  as  to  accomodate t h e  above c r i t e r i a .  Thus, i n  e v a l u a t i n g  g aso ­
l i n e  s e r v i c e  s t a t i o n  s i t e s ,  th e  g e o g ra p h ic  a r e a  where th e s e  s i t e s  a r e  
l o c a t e d  i s  f i r s t  d e te rm in e d .  Then by exam in ing  th e  highway p a t t e r n s  
su r ro u n d in g  th e  a r e a  and th e  p r o x im i ty  o f  th e  s i t e s  to  r e s i d e n t i a l  as  
w e l l  a s  to  e x i s t i n g  m a jo r  sh o p p in g  f a c i l i t i e s ,  s p e c i f i c  s i t e s  a r e
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s e l e c t e d  so a s  to  p ro v id e  f o r  maximum l o c a t i o n a l  a c c e s s i b i l i t y ,  i n t e r -  
c e p t i b i l i t y ,  and c e n t r a l i t y .
The p ro c e d u re  i s  te rm ed L o c a t io n - A l lo c a t io n  p ro c e d u re .  I t  b e g in s  
by seg m en tin g  a  g iv e n  m arket a r e a  i ,  i = l , 2 , . . . , m ;  i n t o  a  number o f  su b -  
m arket a r e a s  each  c o n ta i n in g  a c l u s t e r  o f  demand p o i n t s .  Then, a f t e r  
d e te rm in in g  th e  number o f  g a s o l i n e  r e t a i l  o u t l e t s  r e q u i r e d  to  s a t i s f y  
the  demand f o r  g a s o l i n e  w i t h i n  each  c l u s t e r  ( s u b a r e a ) ,  th e  p ro ced u re  
l o c a t e s  th e s e  o u t l e t s  s u b j e c t  to  th e  l o c a t i o n a l  c r i t e r i a  d i s s c u s s e d  
above.
The p ro c e d u re  assumes t h a t  t o t a l  demand f o r  g a s o l i n e  in  a g iv e n  
m arket a r e a  i ,  TD^, i s  known w i th  a c e r t a i n  l e v e l  o f  a c c u ra cy  and , 
t h e r e f o r e ,  i s  c o n s id e r e d  as  g iv e n .  In  r e a l i t y ,  how ever, a v a r i e t y  o f  
te c h n iq u e s  can be used  to  f o r e c a s t  demand f o r  g a s o l i n e  r a n g in g  from 
Q u a l i t a t i v e  Methods such  a s  th e  D elph i Method, to  T im e-S e r ie s  A n a ly s is  
Methods such  a s  moving a v e r a g e s ,  e x p o n e n t i a l  sm oo th ing , and t r e n d  p ro ­
j e c t i o n s ,  to  C ausa l Methods such  as  r e g r e s s i o n  m ode ls ,  e co n o m e tr ic
133m odels , and i n p u t - o u t p u t  m ode ls .
An example o f  th e  a p p l i c a t i o n  o f  C ausa l Methods i s  th e  r e g r e s s i o n
133For a  d i s c u s s i o n  and a  com parison  o f  t h e s e  and o t h e r  f o r e c a s t ­
in g  te c h n iq u e s  se e  John  C. Chamber, S a t i n d e r  K. M u l l ic k ,  and Donald D. 
Sm ith , "How to  Choose th e  R ig h t  F o r e c a s t in g  T e c h n iq u e ,"  H arvard  B u s in e ss  
Review, Vol. 49 , No. 4 ( J u ly -A u g u s t ,  1971), 4 5 -7 4 ;  S tev en  W heelw right 
and Spyros M a k r id a k is ,  F o r e c a s t in g  Methods f o r  Management, 2nd. ed .
(New York: John W iley & Sons, 1977); Warren G i l c h r e s t ,  S t a t i s t i c a l  
F o r e c a s t in g  (New Y ork: John  W iley & Sons, 1976).
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model used  by V in cen t  C an g e lo s i  to  f o r e c a s t  g a s o l in e  consum ption  in
th e  s t a t e s  o f  W ash ing ton , C o lo rado , Montana, and N orth  D akota . I t  can
135be e x p re s s e d  as  f o l lo w s :
G = B0 +  gjM + B2a + 33k + 34p + 35R +  36c + 3 ?v +  3gL + ggi  + 3 1qe
w h e re ,
G = G aso lin e  consum ption  (dependen t v a r i a b l e )
M = M o to r -v e h ic u le  r e g i s t r a t i o n
A = Autos p e r  p e rso n
K = R eg io n a l  t r u c k  t r a v e l
P = P o p u la t io n
R = Real p e r s o n a l  income
C = p e r  c a p i t a  income
V = E s t im a te d  t r a v e l  f o r  a l l  v e h i c l e s
L = Average m i le s  d r iv e n  p e r  g a l lo n  o f  g a s o l i n e
I  = I n d u s t r i a l  P r o d u c t io n  Index
E = P e r s o n a l  Consumption E x p e n d i tu re s
The r e s u l t s  o f  th e  a n a l y s i s  showed t h a t  " f o r  th e  f o u r  i n d i v i d u a l  
s t a t e s ,  ' p o p u l a t i o n '  and 'm o to r - v e h ic l e  r e g i s t r a t i o n '  a r e  th e  two in d e ­
p en d en t v a r i a b l e s  p r o v id in g  th e  most a c c u r a t e  r e t r o s p e c t i v e  f o r e c a s t s
136o f  g a s o l in e  c o n su m p tio n ."
*3^V in cen t  E. C a n g e lo s i ,  "A S t a t i s t i c a l  Method o f  F o r c e c a s t in g  
G a so l in e  Consumption a t  th e  S t a t e  L eve l -  An A n a ly s is  o f  S e l e c t e d  
W estern  S t a t e s , "  (Ph .D . D i s s e r t a t i o n ,  U n iv e r s i t y  o f  A rk an sa s ,  1961).
135I b i d . , P .  151.
136I b i d . ,  P. 153.
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D e r i v a t i o n .
1. On a  f i n e  g r i d  (1"= m i le )  super im posed  on a  d e t a i l e d  map o f
a g iv en  m arket a r e a  i ,  i = l , 2 , . . . ,  m; w i th  K Census T r a c t s  and G sh o p -  
137
p in g  c e n t e r s ,  d e te rm in e  th e  fo l lo w in g :
a) th e  l o c a t i o n a l  c o o r d in a t e s  o f  e x i s t i n g  g a s o l i n e  s e r v i c e  
s t a t i o n s .
b ) th e  l o c a t i o n a l  c o o r d in a te s  o f  each  sh o p p in g  c e n t e r  g, 
g = l » 2 , • • • ,  G.
c) r e p r e s e n t  each  Census T r a c t  k ,  k = l , 2 , . . . ,  K; by i t s  
p o p u la t io n  c e n t e r  p o i n t ,  and o b t a i n  th e  l o c a t i o n a l  
c o o r d in a te s  o f  th e s e  p o i n t s .
At t h i s  p r e l im e n a ry  s t a g e  o f  th e  p ro c e d u re ,  d e s ig n a te  each  p o in t  
on th e  map r e p r e s e n t i n g  a  sh o p p in g  c e n t e r  as  a p o t e n t i a l  Demand S a t i s f y ­
in g  P o in t ,  DSP, and th e  p o p u la t io n  c e n t e r  o f  each Census T r a c t  as  a 
p o t e n t i a l  Demand G e n e ra t in g  P o i n t ,  DGP.
137A sho p p in g  c e n t e r  i s  an i n t e g r a t e d  developm ent o f  c o o r d in a te d  
shopp ing  f a c i l i t i e s  w hich aims a t  p r o v id in g  f o r  t h e  sh o p p in g  co n ven ience  
o f  c u s to m ers .  Shopping c e n t e r s  have  b een  c l a s s i f i e d  i n t o  t h r e e  m ajor 
c a t e g o r i e s :  1) n e ig h b o rh o o d  sh o p p in g  c e n t e r s ,  2) community sh o p p in g  
c e n t e r s ,  and 3) r e g i o n a l  sh o p p in g  c e n t e r s .  The c l a s s i f i c a t i o n  i s  b a sed  
on th e  s i z e  o f  th e  c e n t e r  i n  s q u a re  f e e t  o f . g ro s s  a r e a ,  ty p e  o f  t e n a n t s  
in v o lv e d ,  and th e  s i z e  o f  th e  m arke t a r e a  th e  c e n t e r  must s e r v e  to  be 
p r o f i t a b l e .  In  p r a c t i c e ,  how ever, i t  i s  d i f f i c u l t  to  a s s i g n  a  g iv en  
c e n t e r  to  one c a te g o ry  o r  a n o th e r  due to  th e  a r b i t r a r y  n a t u r e  o f  th e  
c l a s s i f i c a t i o n  c r i t e r i a .
A ne ig h b o rh o o d  sh o p p in g  c e n t e r  u s u a l l y  c o n s i s t s  o f  a  s m a l l  number 
o f  co nven ience  goods ty p e  s t o r e s  w i th  a  su p e rm ark e t  o r  a  d r u g s to r e  as 
th e  le a d i n g  t e n a n t .  T y p i c a l l y ,  th e  c e n t e r  h a s  be tw een  30 ,000 and 75,000 
s q u a re  f e e t  o f  g ro s s  f l o o r  a r e a  and r e q u i r e s  a t  l e a s t  1,000  f a m i l i e s  i n  
i t s  t r a d i n g  a r e a .  A community sh o p p in g  c e n t e r  i s  l a r g e r  th a n  th e  n e ig h ­
borhood ty p e  c e n t e r  and in p lu d e s  some sh o p p in g  goods e s t a b l i s h m e n t s .  
F i n a l l y ,  a  r e g i o n a l  sh o p p in g  c e n t e r  i s  a  l a r g e  r e t a i l  a g g lo m e ra t io n  w i th  
40 ,000  to  1, 000,000  o f  more s q u a re  f e e t  o f  g ro s s  f l o o r  a r e a  and a number 
o f  m a jo r  d ep a r tm en t  s t o r e  b ra n c h e s  a s  t h e  l e a d i n g  t e n a n t s .
A nother c l a s s i f i c a t i o n  o f  sh o p p in g  c e n t e r s  i s  b a se d  on t h e i r  l a y o u t
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2. A l lo c a t e  th e  e s t im a te d  demand f o r  g a s o l i n e  i n  m arket a r e a  i ,  
TD^, among th e  G Demand S a t i s f y i n g  P o in t s  u s in g  th e  fo l lo w in g  fo rm u la :
Si gDSP. = TD. -------—  , i - 1 , 2 , . . . ,  m; where .......... 3 .19
® g=G g=l » 2 , . . . ,  G.
sgH? s i g
DSP. = th e  a l l o c a t e d  demand f o r  g a s o l i n e  a t  c e n t e r  g, 
g = l , 2 , . . . ,  G; i n  m arke t a r e a  i ,
Sj = th e  s i z e  o f  sh o p p in g  c e n t e r  g i n  m arket a r e a  i
m easured i n  term s o f  e i t h e r  th e  s q u a re  fo o ta g e
o f  i t s  s e l l i n g  s p a c e ,  o r  i n  term s o f  i t s  s a l e s  
volume i n  d o l l a r s ,  and
TD  ̂ = t o t a l  e s t i m a te d  demand f o r  g a s o l i n e  i n  m arket 
a r e a  i ,  i = l , 2 , . . . ,  m.
3. A l lo c a t e  t o t a l  e s t im a te d  demand f o r  g a s o l i n e  i n  m arket a r e a  i ,
TD^, among th e  K Demand G e n e ra t in g  P o in t s  by a p p ly in g  th e  fo l lo w in g
f o r m u la :
°k
DGPl k  = TD. ----------  , i = l , 2 , . . . ,  m;   3 .20
k=K k = l , 2 , . . . ,  K.
SUM C 
k=l  k
p a t t e r n s  and d i s t i n g u i s h e s  be tw een  th e  s t r i p ,  th e  m a l l ,  and th e  c l u s t e r  
p a t t e r n s .  The s t r i p  p a t t e r n  i s  an a l ig n m e n t  o f  s t o r e s  a lo n g  a  th o ro u g h ­
f a r e  and i s  commonly used  i n  ne ig h b o rh o o d  and community ty p e  c e n t e r s .
The m a l l  type  o f  c e n t e r s  in v o lv e s  a  l a y o u t  p a t t e r n  whereby a l l  o r  most 
s t o r e s  i n  th e  c e n t e r  f a c e  a p e d e s t r i a n  sh o p p in g  a r e a  and a r e  su r ro u n d e d  
by custom er p a r k in g  f a c i l i t i e s .  Such an a rran g em en t  i s  p o p u la r  among 
r e g io n a l  sh o p p in g  c e n t e r s .  F i n a l l y ,  th e  c l u s t e r  ty p e  o f  l a y o u t  in v o lv e s  
a g ro u p in g  o f  s m a l l e r  s t o r e s  a round  a l a r g e  c e n t r a l  d e p a r tm en t s t o r e  
a c t i n g  as th e  s i n g l e  o u t s t a n d in g  t e n a n t .  See W il l ia m  R. D avidson , A lto n  
F. Doody and D a n ie l  J .  Sweeney, R e t a i l i n g  Management, 4 t h . e d .  (New York: 
The Ronald P r e s s  Company, 1975), PP . 486 -88 ; R onald  D.Michman, M arke ting  
Channels (Columbus, O hio: G r id ,  I n c .  1974), PP. 117-120; E. Jerome 
McCarthy, B a s ic  M ark e t in g :  A M an a g e r ia l  A pproach , 5 t h .  ed.(Homewood, 
I l l i n o i s :  R ich a rd  D. I r w i n ,  I n c . ,  1975), PP. 328-9 ; L o u is  P. B u c k l in ,  
C o m p e ti t io n  and E v o lu t io n  i n  th e  D i s t r i b u t i v e  Trade (Englewood C l i f f s ,  
N . J . :  P r e n t i c e - H a l l ,  I n c . ,  197 2 ) ,  PP. 108-109.
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w here ,
DGP., = th e  a l l o c a t e d  demand f o r  g a s o l i n e  i n  Census 
T r a c t  k ,  k = l , 2 , . . . ,  K.
= th e  number o f  m o to r - v e h ic le s  i n  Census T r a c t  
k ,
C = F . C . ,  where F, i s  th e  number o f  k k i  k
h o u seh o ld s  i n  Census T r a c t  k ,  and C.1i s  th e  av e rag e  number o f  c a r s  owned 
p e r  h o u seh o ld  i n  m arke t a r e a  i ,  and
TD. = th e  t o t a l  e s t im a te d  demand f o r  g a s o l i n e  in  
1 m arket a r e a  i ,  i = l , 2 .......... m.
4 . F ind  the  r e c t a n g u l a r  d i s t a n c e s  betw een th e  Demand G e n e ra t in g
P o in t s  (Census T r a c t s )  and th e  Demand S a t i s f y i n g  P o in t s  (sh o p p in g
c e n te r s )  u s in g  th e  fo l lo w in g  fo rm u la :
where d i s  the  r e c t a n g u l a r  d i s t a n c e  betw een th e  Demand G e n e ra t in g  
kg
P o in t  K and th e  Demand S a t i s f y i n g  P o in t  g w i th  C a r t e s i a n  c o o r d in a te s
1 O O
(X , Y ) and (X , Y ) ,  r e s p e c t i v e l y ,  
k k g g
The in fo r m a t io n  o b ta in e d  by fo l lo w in g  s t e p s  1-4 above can be 
a r r a n g e d  i n  a m a t r ix  form as  shown i n  t a b l e  3 be low . The i n
th e  body o f  th e  t a b l e  a r e  th e  r e c t a n g u l a r  d i s t a n c e s  be tw een  th e  Demand 
G e n e ra t in g  P o in t s  and th e  Demand S a t i s f y i n g  P o i n t s .  The DGP., *s and
138R e c ta n g u la r  d i s t a n c e s ,  a s  opposed to  E u c l id ia n  d i s t a n c e s ,  w ere  
found to  b e s t  ap p ro x im a te  i n t r a - c i t y  d i s t a n c e s .  See G. 0 . Wesolowsky 
and R. F. Love, " L o c a t io n  o f  F a c i l i t i e s  With R e c ta n g u la r  D is ta n c e s  Among 
P o in t s  and Area D e s t i n a t i o n s , "  Naval R esearch  L o g i s t i c s  Q u a r t e r l y , Vol. 
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th e  DSP. ' s  a r e  th e  a l l o c a t e d  e s t im a te d  demand a t  th e  Demand G e n e ra t in g  
i g
P o in t s  and th e  Demand S a t i s f y i n g  P o i n t s ,  r e s p e c t i v e l y .
5 . The n e x t  s t e p  i s  t o  a l l o c a t e  th e  e s t im a te d  demand a t  the
Demand G e n e ra t in g  P o i n t s ,  D G P^, to  th e  a v a i l a b l e  su p p ly  a t  th e  Demand
S a t i s f y i n g  P o i n t s ,  DSP^g, on th e  b a s i s  o f  minimum t o t a l  r e c t a n g u l a r
d i s t a n c e s ,  so a s  to  c r e a t e  c l u s t e r s  o f  demand p o in t s  which s e r v e  as  th e
b a s e s  f o r  seg m en tin g  th e  m arket a r e a  i n t o  " s "  subm arket a r e a s ,  where
s = 1 , 2 , . . . ,  <.G (G i s  th e  number o f  sh o p p in g  c e n t e r s  i n  m arke t a r e a  i ) ,
where s t a t i o n s  a r e  to  be  l o c a t e d .  T h is  can be a c h ie v e d  by s o lv in g  th e
fo l lo w in g  L in e a r  Programming p rob lem .
Find th e  s e t  { Q, } , th e  amount o f  th e  'demand a t  th e  k th  Demand
kg
G e n e ra t in g  P o in t  s a t i s f i e d  by th e  su p p ly  a t  th e  g th  Demand S a t i s f y i n g  
P o in t ,  so as  to
k=K g=G
M inim ize Z = SUM SUM Q. |x. - X  | + |Y. -Y  |   3 .22
k=l g=l Kg K g 8
S u b je c t  To: g=G
SUM Qkg = DGPi k    3 .2 3
k=K
SUM Q, = DSP.   3 .24
k=l k8 *8
and f ° r  k and g ,   3 .25
Kg k = l , 2 , . . . ,  K;
g=1 , 2 , . . . ,  G.
The s o l u t i o n  to  th e  above problem  p ro d u ces  c l u s t e r s  o f  demand 
p o i n t s  which p ro v id e  th e  b a s e s  f o r  seg m en tin g  th e  m arket a r e a  i n t o  " s "  
subm arket a r e a s ,  s  = l , 2 , . . . ,  <  G. B e s id e s ,  th e  t o t a l  e s t i m a te d  demand
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f o r  g a s o l i n e  i n  each  subm arke t a r e a  s ,  TD. , can a l s o  be d e r iv e d  fromi s
th e  s o l u t i o n  by u s in g  th e  fo l lw o in g  fo r m u la :
SUM Q = TD, , s  = 1 , 2 , . . . ,  <G.  ...........  3 .26
k & g Rg i s
in
c l u s t e r  s
6 . Using th e  r e s u l t s  o b ta in e d  i n  th e  E m p ir ic a l  Cost A n a ly s is  
su b sy s tem  c o n c e rn in g  th e  "optimum’' av e rag e  economic s i z e  o f  a g a s o l in e
r e t a i l  o u t l e t  i n  a g iv e n  m arke t a r e a  i ,  S^, t h e  app rox im ate  number o f
g a s o l i n e  s e r v i c e  s t a t i o n s  needed  to  m eet th e  demand f o r  g a s o l in e  in  
each  subm arket a r e a  ' s '  can  be d e te rm in ed  as  fo l lo w s :
TDi s
n^s  = -------- , w here   3 .27
Si
n .  = i s  th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  o f
1S a  g iv e n  s i z e  to  be  l o c a t e d  i n  subm arket a r e a  s ,
TD^S = i s  th e  t o t a l  e s t im a te d  demand f o r  g a s o l in e  in
subm arket a r e a  s ,  a s  d e te rm in e d  by (3 .2 6 )  above,
S . = i s  th e  "optimum" a v e ra g e  economic s i z e  o f  a g a so ­
l i n e  r e t a i l  o u t l e t  found i n  m arke t a r e a  i .
7. Once th e  number o f  s e r v i c e  s t a t i o n s  to  be lo c a t e d  i n  each  s u b -  
m arke t a r e a  s ,  n̂ , , i s  d e te rm in e d ,  th e  n e x t  s t e p  i s  to  d e te rm in e  t h e i r  
t e n t a t i v e  l o c a t i o n s  w i t h i n  each  subm arket a r e a  by s o lv in g  th e  fo l lo w in g  
m a th e m a tic a l  programming p rob lem .
Given K demand p o i n t s  w i th  t h e i r  known c o o r d in a t e s  (X ^ Y ^ ) ,  each
w i th  demand r e q u i re m e n t  DGPj^; and g iv e n  n ^g s e r v i c e  s t a t i o n s  to  be
l o c a t e d  i n  subm arket a r e a  s ,  each  w i th  c a p a c i t y  l i m i t  ( s i z e ) ,  f in d
(X. , Y . ) ,  th e  l o c a t i o n  c o o r d in a te s  o f  th e  n .  o u t l e t s ,  and W , th e  amount 
J  J  I S  K j
o f  p o i n t  k ' s  demand a l l o c a t e d  to  th e  j t h  o u t l e t ,  j = l , 2 , . . . , n ^ s , w hich
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k=K j= n i s
Minimize Z = SUM SUM W, lx  -  X. | + |Y -  Y. |   3 .28
k- l  j -1  kJ k j 1 k j
S u b je c t  t o :
k=K
SUM W. . < S . j  = l , 2  n .   3 .29
k - l  J 1 13
j - n is
SUM W >DGP k = l , 2 .......... K   3 .30
j = l  ±k
and X , Y , W, > 0  f o r  a l l  k and j .    3.31
3  3  k j  “
The above m a th e m a tica l  programming problem  i s  term ed a  " L o c a t io n -  
A l lo c a t io n "  problem  s in c e  i t  s im u l ta n e o u s ly  l o c a t e s  n . su p p ly  p o i n t s
139
and a l l o c a t e s  th e  k demand p o i n t s  to  th e  a l r e a d y  l o c a t e d  su p p ly  p o i n t s .  
The r e s u l t i n g  optimum s o l u t i o n ,  how ever, p ro v id e s  a s e t  o f  l o c a t i o n  
p o in t s  which a re  then  a d ju s t e d  to  a c t u a l  map s i t e s  and i n  th e  d i r e c t i o n  
o f  h e a v i l y  t r a v e l e d  s t r e e t s ,  th e  i n t e r s e c t i o n s  o f  m ajo r  s t r e e t s  o r  
highway i n t e r c h a n g e s .  Such an a d ju s tm e n t  would in s u r e  t h a t  th e  s t a t i o n s  
so  l o c a t e d  en jo y  c e r t a i n  l e v e l s  o f  l o c a t i o n a l  i n t e r c e p t i b i l i t y ,  a c c e s ­
s i b i l i t y ,  and c e n t r a l i t y .
A com parison  o f  p lan n ed  (computed) and a c t u a l  l o c a t i o n s  o f  gaso ­
l i n e  r e t a i l  o u t l e t s  a l r e a d y  i n  o p e r a t io n  i n  th e  subm arket a r e a  may 
r e v e a l  c e r t a i n  d i s c r e p a n c ie s  i n  te rm s o f  m arke t co v e rag e .  C e r t a i n  a r e a s  
may be u n d e r - s e rv e d  -  i . e .  have  few o u t l e t s  g iv en  t h e i r  p o t e n t i a l
139 For a rev iew  o f  L o c a t io n - A l lo c a t io n  problem s and r e l a t e d  
s o l u t i o n  te c h n iq u e s  s e e  A l le n  J .  S c o t t ,  " L o c a t io n - A l lo c a t io n  System s: 
A R eview ," G eo g rap h ica l  A n a ly s i s , Vol. 2 , No. 2 ( A p r i l ,  1970), 95-119; 
Leon Cooper, "L o c a t io n  A l lo c a t io n  P ro b le m s ,"  O p e ra t io n s  R e s e a rc h , Vol.
11, No. 3 (1 9 6 3 ) ,  331-43 ; ---------, " S o lu t i o n s  o f  G e n e ra l iz e d  L o c a t io n a l
E q u i l ib r iu m  M o d e ls ,"  J o u r n a l  o f  R eg io n a l  S c i e n c e , Vol. 7, No. 1 (1 9 6 7 ) ,  
1 -18 .
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demand l e v e l s  — w h i le  o t h e r s  may be c o n g es te d  w i th  g a s o l i n e  r e t a i l  
o u t l e t s .  U n d e r-se rv ed  a r e a s  a r e  th en  i s o l a t e d  and d e s ig n a te d  a s  h ig h  
p o t e n t i a l  a r e a s  f o r  l o c a t i n g  new s e r v i c e  s t a t i o n s ,  o r  f o r  r e l o c a t i n g  
e x i s t i n g  ones from o t h e r  o v e r - s e r v e d  a r e a s .  A " L o c a t i o n - A l l o c a t i o n "  
s u b r o u t in e  i s  diagrammed in  f i g u r e  3 below .
START
Set Market Area 
Index 1=1
A llocate the DGP's to  the DSP's on the  
b a sis  o f  minimum weighted rectangular 
distance by so lv ing  the following  
Linear
Estimate to ta l  demand for gasoline in
market area i ,  TD,, i« l ,2
Designate the population center 
point o f  each Census Tract k , k= 
1 ,2 , . . . ,K ;  as a Demand Generating 
Point, and obtain the Cartesian 
coordinates of that point.
Designate the location a l point o f
each shopping center g , g = l,2  G
as a Demand Satisfy ing  Point and 
obtain the Cartesian coordinates o f  
that point. •
A llocate to ta l estim ated demand 
for gasoline in  market area i ,  1  
1 ,2 ,.
ing P oints, k * l,2
,m; to  the k Demand Generat
K: DGP,, . ik
A llocate to ta l  estim ated demand for 
gasoline in market area i ,  i = l ,2 , . .  
. ,m; to  the g Demand S atisfy ing  
P oin ts, g=*l,2 ,.. .  ,G: DSP .
On a fin e grid superimposed on a 
d eta iled  topographic map o f  market 
area i ,  determine the following:
1.the locations o f  actual service  
Btations
2 .the loca tion a l points o f  the e x is t ­
ing G Bhopping centers
3*the population center points of 
each Census Tract K.
A llocate to ta l estim ated demand 
for gasoline in  market area i ,  i=  
l , 2 , . . . ,m ;  to  the k Demand Gene rat 
ing PointB, k * l ,2 , . . . ,K :  DGP .
i
A llocate to ta l  estim ated demand for 
gasoline in market area i ,  i = l ,2 , . .  
. ,m; to  the g Demand S atisfy ing  
P oin ts, g = l ,2 , . . . ,G: DSP .
ig
A llocate the DGP'b to  the DSP's on the  
b asis o f  minimum weighted rectangular 
distance by so lv ing  the following  
Linear Programming Problem:
Find the se t  o f  O^g'8 which 
k*=K g=G
Minimize >  SUM SUM JXk-X^ + IXk-Y^
Subject to : g=c
SUM a  
g*l *g
k=K 
SUM a  
k«l ^ g
=DGPik  k = l,2 ,. . ,K
“DSP
ig
g = l,2 ,. . ,G
and Qĵ  ^ 0  for a l l  k and g.
I
Segment the market area i  in to  s sub- 
market areas, s * l , 2 , . . .  ,^G ; on the 
b asis o f  the DGP1b clustered  around 
the DSP's. The estim ated demand for  
gasoline in  each submarket area i s  
given by
SUM Qkg " TDis  aBl*2 »*•• >*G 
k It g
in  c lu ster  s •
T











Find the number o f  o u tle ts  o f  a 
given s iz e  S. required to  meet the 
demand In submarket area ' s ' :  TD.
TDla 'Si where S.
I s  Is theIs  * ------  “l
average 'optimum' economic s iz e  o f  
a gasoline serv ice sta tio n  In area 
1 , and s > l ,2 , . . . , ( G .
I
Find the "optimum" locations o f  the 
n^B o u tle ts  in  submarket area 3 , by 
solving the follow ing mathematical 
programming problem:
Find (jq .Y j), J » l ,2 , . . .  ,ni a ; the 
coordinates o f the n^a sta tio n s and 
the Wfcj, the amount o f  point k 's  
demand a llocated  to sta tion J  , so 
as to
Minimize SUM SUM «kJ 
Subject to:
S™ Wk j ^ Si   “i s
SUM WkJ ^DGP  ̂k = l,2 , . . .  ,K 
J
^  .Ŷ  , ^ 0  for a l l  k&J
and
i
Adjust computed o u tle t location s to  
actual map location s and in  the 
direction  o f  heavily  tra v elled  
s tr ee ts  or highway interchanges.
Compare proposed 
locations with actual 

















locations with actual 
o u tle t locations
Desigante area for 
locatin g  new o u tle ts  
or relocating e x is t -  
ing ones.___________
Adjust computed o u tle t location s to  
actual map location s and in  the 
direction  o f  heavily  tra v elled  
str ee ts  or highway interchanges.
s e t  submarket area 
Index s * s+ l
se t market area 
index i  = i+1
Designate area for 
p oten tia l o u tle ts  
deletion .
F ig u re  3






4. The I n t e g r a t i o n a l  S ubsys tem .
The o b j e c t i v e  o f  th e  I n t e g r a t i o n a l  Subsystem  i s  to  develop  a 
com prehensive  p la n  f o r  a l l o c a t i n g  g a s o l in e  r e t a i l  o u t l e t  b u i l d i n g  
r e s o u r c e s  a c r o s s  th e  f i r m 's  v a r io u s  m arket a r e a s  and ov e r  a g iv en  p la n ­
n in g  h o r i z o n .  In  o r d e r  to  a c h ie v e  such  an o b j e c t i v e ,  th e  a n a l y s i s  i n  
th e  I n t e g r a t i o n a l  Subsystem  u ses  th e  p ro c e d u re s  and f u n c t i o n a l  r e l a t i o n ­
s h ip s  d eve loped  by p r e v io u s  subsys tem s o f  th e  O p e ra t in g  System t o g e th e r  
w i th  th e  in f o r m a t io n  p ro v id e d  by th e  In p u t  I n f o rm a t io n  System . T here­
f o r e ,  th e  p ro c e d u re s  and s o l u t i o n  r o u t i n e s  d eve loped  i n  t h i s  s e c t i o n  
c u t  a c r o s s  th e  m o d e l 's  v a r io u s  su bsys tem s v i a  a s e r i e s  o f  fe e d -b ac k  
lo o p s  and r e c u r s i v e  r e l a t i o n s h i p s .
The a ssu m p tio n s  b e in g  made i n  th e  p r e s e n t  a n a l y s i s  a r e  t h a t  th e  
f i r m ' s  o b j e c t i v e  i s  to  m a in ta in  i t s  m arke t s h a r e  i n  a l l  o f  i t s  m arket 
a r e a s  and o v e r  a g iv e n  p e r io d  o f  T y e a r s .  B e s id e s ,  th e  f i rm  has  
a s s ig n e d  an amount o f  BT d o l l a r s  o f  i t s  a v a i l a b l e  funds f o r  th e  p u rp o se  
o f  b u i l d i n g  new g a s o l i n e  r e t a i l  o u t l e t s  i n  one o r  more o f  i t s  m arket 
a r e a s  where such a c t i o n s  a r e  w a r ra n te d  on th e  b a s i s  o f  i t s  M arket 
Response F u n c t io n .
a) The I n t e g r a t i o n a l  P r o c e d u r e s .
1. Using th e  p ro c e d u re s  d e v e lo p ed  i n  th e  D ata  P r e p a r a t i o n  Subsys­
tem, and on th e  b a s i s  o f  f u t u r e  demand f o r e c a s t s  f o r  a  g iv e n  m arke t a r e a  
i ,  i = l , 2 , . . . ,  m; c o n s t r u c t  an in d e x  o f  s a t u r a t i o n ,  f o r  t h a t  a r e a .
2 . Given th e  v a lu e  o f  I S ^ ,  d e te rm in e  w h e th e r  m arke t a r e a  i  i s  
s a t u r a t e d ,  u n s a t u r a t e d ,  o r  o v e r - s a t u r a t e d .  D e s ig n a te  u n s a tu r a t e d  m ark e t  
a r e a s  a s  p o t e n t i a l  a r e a s  f o r  m arke t e x p a n s io n .  O th e rw ise ,  „ th ey  a re
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d e s ig n a te d  as  p o t e n t i a l  a r e a s  f o r  f u tu r e  o u t l e t  d e l e t i o n .
3 . On th e  b a s i s  o f  th e  f i r m ’s t a r g e t  m arket s h a r e ,  d e te rm in e  
th e  recommended number o f  r e t a i l  o u t l e t s  which th e  f i r m  sh o u ld  have  
in  each  m arke t a r e a  i .  This  i s  computed u s in g  th e  f i r m ' s  m arke t 
re sp o n se  f u n c t io n  a s  d eve loped  by th e  M arket Response F u n c t io n  Subsys­
tem.
4 .  Compare th e  a c t u a l  number o f  th e  f i r m 's  r e t a i l  o u t l e t s  
o p e r a t i n g  i n  m arket a r e a  i  w i th  th e  recommended number o f  o u t l e t s  
o b ta in e d  f o r  t h a t  a r e a  i n  s t e p  3 above.
5 .  I f  th e  a r e a  i s  u n d e r b u i l t ,  then  f in d  th e  number o f  o u t l e t s
140
to  be  added i n  t h a t  a r e a .  O th e rw ise ,  th e  a r e a  i s  l e f t  unchanged.
6 . D eterm ine  th e  a v e rag e  y e a r l y  c a p i t a l  in v e s tm e n t  p e r  o u t l e t  
in  a r e a  i  u s in g  th e  r e s u l t s  o b ta in e d  i n  th e  E m p ir ic a l  Cost A n a ly s is  
Subsystem .
7. D eterm ine th e  f i r m ' s  a v e rag e  y e a r ly  s a l e s  p e r  o u t l e t  i n  m arke t
a r e a  i .  T h is  i s  computed by d iv id in g  th e  f i r m 's  s a l e s  p o t e n t i a l  i n
a r e a  i  by th e  t o t a l  number o f  i t s  o u t l e t s  ( a c t u a l  + p la n n ed )  i n  t h a t  
a r e a .
8 . D eterm ine th e  a v e ra g e  r e t u r n  p e r  u n i t  o f  s a l e s ,  i n  a r e a  i . .
9 .  r e t u r n  to  s t e p  one f o r  more m arket a r e a s ,  o th e r w is e  s t o p .
140
I t  i s  assumed h e r e  t h a t  th e  f i rm  h a s  a l r e a d y  co n d u c ted  a  m ajo r  
r e d e s ig n  o f  i t s  d i s t r i b u t i o n  ne tw ork  d u r in g  p re v io u s  p la n n in g  p e r i o d s .
In  a d d i t i o n ,  s in c e  th e  a r e a  i s  u n s a t u r a t e d ,  i t  i s  v e ry  u n l i k e l y  to  be 
found o v e r b u i l t .  The o p p o s i t e  i s  t r u e  f o r  o v e r - s a t u r a t e d  a r e a s ,  how ever.
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S im i l a r  s t e p s  a r e  fo l lo w ed  f o r  o v e r - s a t u r a t e d  a r e a s  e x c e p t  t h a t  
th e  number o f  o u t l e t s  to  be d e l e t e d  r a t h e r  th a n  to  be added i s  d e t e r ­
m ined. However, f o r  th e  p u rp o se  o f  s i m p l i c i t y ,  i t  i s  assumed h e re  
t h a t  o u t l e t s  s c h e d u le d  f o r  d e l e t i o n  have  n e i t h e r  s a lv a g e  v a lu e s  n o r  
d e m o l i t io n  c o s t s .  A f lo w c h a r t  o f  th e  i n t e g r a t i o n a l  p ro c e d u re s  
d e s c r ib e d  above i s  c o n ta in e d  i n  f i g u r e  4 below .
b) The A l lo c a t io n  o f  O u t l e t
B u i ld in g  F unds .
The s u b r o u t in e  p r e s e n te d  above c o n s t i t u t e s  an im p o r ta n t  p a r t  o f  
th e  I n t e g r a t i o n a l  S u b sy s tem 's  r o u t i n e  c o n ce rn ed  w i th  th e  developm ent 
o f  th e  f i r m ' s  m arket e x p a n s io n  p l a n .  When co m p le ted ,  how ever, i t  p ro ­
v id e s  th e  fo l lo w in g  b a s i c  i n f o r m a t io n  on each  m arke t a r e a  i ,  i = l , 2 ..........
m; and p e r io d  t ,  t = l , 2 , . . . ,  T.  s
1. The upper l i m i t  on th e  number o f  th e  f i r m ' s  r e t a i l  o u t l e t s
to  be b u i l t  i n  each  m arek t a r e a  i  and p e r io d  t ,  N, .
i t
2. The number o f  th e  f i r m ' s  r e t a i l  o u t l e t s  to  be  d e l e t e d  i n  •• 
each m ark e t  a r e a  i  and p e r io d  t ,
3. The a v e rag e  y e a r l y  s a l e s  p e r  o u t l e t  i n  m arek t a r e a  i ,  S^t , 
o v e r  a p e r io d  o f  T y e a r s .
4 . The a v e rag e  c a p i t a l  in v e s tm e n t  p e r  o u t l e t  i n  each  m arke t 
a r e a  i  and p e r io d  t ,  .
5 .  The a v e rag e  r e t u r n  p e r  u n i t  o f  s a l e s  i n  each  m arke t a r e a  i  
and p e r io d  t ,
Given th e  above i n f o r m a t io n ,  th e  f o l lo w in g  m a th e m a t ic a l  program ­
ming problem  can  be  s o lv e d  f o r  th e  number o f  g a s o l i n e  r e t a i l  o u t l e t s ,  
n ^ t , to  be  b u i l t  i n  m arke t a r e a  i  and p e r io d  t ,  t h e  number o f  o u t l e t s  
to  be d e l e t e d  i n  m arke t a r e a  i ,  L^t » and th e  p o r t i o n  o f  th e  a v a i l a b l e
START
Set time index t = l . ( t = l , 2 ,___,T)
Set area index i= l . ( i= l ,2
Based on market demand forecasts 
construct an index o f saturation  
for market area i  and period t .  
j i =i | 2 t .» . jiQj t = 1 ,2 ,* . , ,T*
Potential 





Using company's market response 
function, determine the recom­
mended number o f  o u tle ts  in  
market area i  and period t .
Using company's market response 
function, determine the. recom­
mended number o f  o u tle ts  in  
market area i  and period t .
Leave
Unchanged
■— Recom-'s\  




to  delete?  
V Xit
•—Recom- '  
mended le s s  
V s H C tu a L ^ ^







unchangedAverage cap ita l 
investment per 
ou tle t in  market 
area i .
Kit
Average sa les  per 
o u tlet in  market 
area i , S ^ .
investment per 











Set time index 
t* t+ l.
Set market area 
index i= i+ l
Average sa les  per 
o u tlet in  market 
area i ,  S1+.
Average p ro fit  per 
unit o f  sa les  in  
market area i ;
Pi t
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f unds ,  B^, to  be a l l o c a t e d  to  each  m arke t a r e a  i  i n  y e a r  t .  The
o b j e c t i v e  h e re  i s  to  maximize th e  f i r m 's  d is c o u n te d  e a r n in g s  from a l l
i t s  m arket a r e a s  o v e r  a  p e r io d  o f  T y e a r s .
S y m b o l ic a l ly ,  we would l i k e  to  f i n d  th e  s e t s  and
which
t=T i=m .
Maximize Z = SUM SUM (0 .  + n .  -  L ) P SJ (1 + r ) “.................... 3 .3 2
t = l  i = l  ^  ^  i t  i t  i t
S u b je c t  to :
t=T
SUM n < N. i = l , 2 , . . . ,  m, .........  3 .3 3
t = l i t "  i t
t=T
SUM L. .< .  X.. i = l , 2 , . . . ,  m, .......... 3 .34
t = l
t=T i=m
SUM SUM K. n ..  < B . 3 .35
t = i  i = i  *  T
and n ^ , a r e  n o n n e g a t iv e  i n t e g e r s .    3 .36
The s o l u t i o n  to  th e  above problem  p ro v id e s  a p r e l im in a r y  a d d i t i o n /  
d e l e t i o n  p la n  f o r  th e  d u r a t i o n  o f  a  p la n n in g  h o r iz o n  o f  T y e a r s ,  a s
w e l l  as th e  p o r t i o n  o f  th e  f i r m ' s  b u d g e t  to  be a l l o c a t e d  to  each  m arke t
a r e a  d u r in g  th e  same p e r io d  o f  t im e .
The n e x t  s t e p  i n  th e  i n t e g r a t i o n a l  a n a l y s i s  i s  to  o b t a i n  d e t a i l e d  
in fo r m a t io n  on l o c a l  m ark e t  a r e a s  c o n c e rn in g  f e a s i b i l i t y ,  t im in g ,  
a c c u r a t e  e s t i m a t e s  o f  c o n s t r u c t i o n  c o s t s ,  and e x p e c te d  r e v e n u e s .  Th is  
can be a c h ie v e d  by c o n d u c t in g  L o c a t io n - A l lo c a t io n  a n a l y s i s  a s  d eve loped  
i n  th e  p r e v io u s  s e c t i o n  so  a s  to  i d e n t i f y  a v a i l a b l e  f e a s i b l e  s i t e s  
w here g a s o l in e  r e t a i l  o u t l e t s  can  b e  l o c a t e d .  The v a r io u s  s t e p s  
in v o lv e d  i n  o b t a in in g  such  in f o r m a t io n  a r e  diagrammed i n  f i g u r e  5 be low .
START
Set time index t * l . ( t - 1 ,2
Set area index i « l . (1*1,2
Yes/  area X  
designated for  
^ d e le t io n
Mo
YesConduct 
Location-Allocation ^  
Analysis
/  area \  
designated for  





Identify  p oten tia l 
s i t e s  in  under -  
served areas for 
locatin g  new o u tlets
Identify  low volume 
o u tle ts  in over- 
served areas for 
potentia l deletion .
Choose ni t  s i te s  on 
the b asis o f  potential 
sa les  volume.
Choose L ^ o u tle ts  
to  be deactivated
Estimate sa les  per 
proposed o u tle t .
Set plans for 
deactivation
Estimate p oten tia l 
sa les  per company 
o u tle t in  area i .
Estimate cap ita l 
investment per o u tle t
/  More \  
market areajp1
Yes Set market area
Estimate sa les  per 
proposed o u tle t .
Choose n t̂  s i t e s  on 
the b asis o f  potential 
sa les  volume.
Estimate cap ital 
investment per o u tlet
Estimate p oten tia l 
sa les per company 
o u tle t in  area i .
| potentia l d eletion . |
Set plans for 
deactivation
Set time index 
t  « t  +1
Set market area 
index i  * i  + 1
Choose o u tlets  
to  be deactivated
F ig u re  5
A lternative S tation -S ite  
Evaluation Subroutine
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The s u b ro u t in e  in  f ig u r e  5 above aims a t  i d e n t i f y i n g  a l t e r n a t i v e  
s t a t i o n  s i t e s  by a p p ly in g  th e  p ro c e d u re  s e t  f o r t h  by th e  a n a l y s i s  in  
th e  L o c a t io n - A l lo c a t io n  Subsystem . Each s i t e  i s  th e n  e v a lu a te d  on th e  
b a s i s  o f  d is c o u n te d  e x p e c te d  y e a r l y  r e t u r n  from a  g a s o l i n e  r e t a i l  
o u t l e t  o f  a  g iv en  s i z e  s u i t a b l e  f o r  th e  s i t e  b e in g  e v a lu a t e d .  A s e t  
o f  o u t l e t s  ^ i t ^ ^ i t ^  t*10 most Pr ° f i t a b l e s i z e / s i t e  combina­
t io n s  i s  th en  s e l e c t e d  f o r  f u r t h e r  e v a lu a t io n  and com parison  w i th  o th e r  
s e t s  from o th e r  m arket a r e a s .  Th is  can be a c h ie v e d  by s o lv in g  th e  
fo l lo w in g  G e n e ra l iz e d  Assignment problem .
L e t  Rjj be th e  d is c o u n te d  e x p ec te d  r e t u r n  from a g a s o l in e  r e t a i l  
o u t l e t  o f  s i z e  S y  to  be b u i l t  i n  m arket a r e a  i  a t  s i t e  j ,  where
t= T
R. . = SUM R. .. (1 + r )  ,   3 .37i J  t=1 i J t
i ~ l  y 2) ■ • • j in
j = l »2 , . . . ,
and l e t  be th e  amount o f  c a p i t a l  in v e s tm e n t  in v o lv e d  i n  b u i l d i n g  
an o u t l e t  o f  s i z e  i n  m arket a r e a  i  and a t  s i t e  j .  The o b j e c t i v e  
i s  t o  f in d  th e  s e t  {R } which
i=m j= n i t
S u b je c t  t o :
Maximize Z = SUM SUM X .. R . ................................................................... . 3 .38
i - i  j - i  1J
i=m j= n i t
SUM SUM X K < Bm , ..........  3 .39
i= l  j = i • 1 3 - T
■ c
i f  o u t l e t  i j  i s  chosen
and   3 .40
J • n o th e r w is e .
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The s o l u t i o n  to  th e  above problem  p ro v id e s  th e  d e s i r e d  in fo rm a ­
t i o n  c o n ce rn in g  th e  number, s i z e  d i s t r i b u t i o n ,  and l o c a t i o n s  o f  th e  
f i r m 's  g a s o l i n e  r e t a i l  o u t l e t s  to  be b u i l t  i n  s e l e c t e d  m arket a r e a s  
o v e r  a  p e r io d  o f  T y e a r s .
c) Management I n p u t .
The r e s u l t s  o b ta in e d  a t  ev e ry  m ajo r s t e p  o f  th e  p r e s e n t  a n a l y s i s  
a re  s u b s e q u e n t ly  rev iew ed  by management so  as  to  b r i n g  th e  m o d e l 's  
p e rfo rm ance  c l o s e r  to  r e a l i s t i c  c o n d i t i o n s .  F i r s t ,  th e  t e n t a t i v e  
a d d i t i o n / d e l e t i o n  p la n  and th e  p r e l im in a r y  a l l o c a t i o n  o f  a v a i l a b l e  
funds among v a r io u s  m ark e t  a r e a s  a r e  rev iew ed  so  as  to  r e f l e c t  manage­
m e n t 's  view r e g a r d in g  f u t u r e  m arket p e r fo rm an c e ,  c o m p e t i t iv e  p r e s s u r e ,  
e t c . ,  and to  make n e c c e s s a r y  a d ju s tm e n ts  i n  th e  a l l o c a t e d  funds so  as 
to  c o o r d in a te  r e t a i l  o u t l e t  b u i l d i n g  a c t i v i t i e s  w i th  o t h e r  r e l a t e d  
e lem en ts  o f  th e  f i r m 's  m a rk e t in g  mix.
Once th e  t e n t a t i v e  a d d i t i o n / d e l e t i o n  p la n  i s  co m p le ted ,  i t s  
d e t a i l s  c o n c e rn in g  p a r t i c u l a r  m arke t a r e a s  a r e  s e n t  to  th e  l o c a l  
management e x e c u t iv e s  r e s p o n s i b l e  f o r  th o s e  a r e a s .  L oca l m a rk e t in g  
p e r s o n n e l  a r e  th e n  a sk ed  to  p re p a re  s p e c i f i c  l o c a t i o n - a l l o c a t i o n  p la n s  
f o r  t h e i r  r e s p e c t i v e  m ark e t  a r e a s  on th e  b a s i s  o f  l o c a l  m arke t a r e a  
c o n d i t i o n s  such  as  th e  a v a i l a b i l i t y  o f  s i t e s ,  e x p e c te d  changes i n  
growth p a t t e r n s ,  changes  i n  s t r e e t  n e tw o rk s ,  th e  e x t e n t  o f  s p a t i a l  
c o m p e t i t io n ,  and so  o n .  Each a r e a  p la n  i s  d e v e lo p ed  w i th in  th e  g e n e r a l  
g u i d e l i n e s  s e t  f o r t h  by th e  t e n t a t i v e  a d d i t i o n / d e l e t i o n  p la n  p re p a re d  
a t  th e  c o r p o r a t e  l e v e l .
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The com ple ted  l o c a l  m arket a r e a  p la n s  a r e  th e n  combined i n t o  a 
com prehensive  l o c a t i o n - a l l o c a t i o n  p la n  which i n  t u r n  i s  a n a ly z e d  and 
e v a lu a te d  so  a s  to  i n s u r e  t h a t  th e  f i r m ’s o b j e c t i v e s  c o n c e rn in g  
m arket s h a r e  l e v e l s  and f i n a n c i a l  c o n s t r a i n t s  a r e  s a t i s f i e d .  A s e t  o f  
th e  b e s t  ” s i z e / s i t e ” c o m b in a tio n s  o f  th e  p roposed  r e t a i l  o u t l e t s  i s  
th e n  chosen  s u b j e c t  to  th e  f i r m ’s o b j e c t i v e s  and f i n a n c i a l  c o n s t r a i n t s .  
F ig u re  6 below c o n ta in s  a d iagram  o f  th e  m o d e l 's  b a s i c  p ro c e d u re s  
i n c lu d in g  th e  s t a g e s  a t  which th e  s u b j e c t i v e  in p u t  o f  management i s  
p ro v id e d .
C oncluding  Remarks.
A lthough most o i l  companies have a v a i l a b l e  to  them a wide range  
o f  a l t e r n a t i v e s  d e s ig n s  o f  r e t a i l  d i s t r i b u t i o n  sy s te m s ,  th e  e x i s t i n g  
system s h a v e ,  u n f o r t u n a t e l y ,  ev o lv ed  o v e r  tim e  w i th o u t  i n i t i a l  d e s ig n  
o r  m ajo r  r e d e s ig n .  The p r e s e n t  r e s e a r c h  p ro p o se s  a dynamic a l l o c a t i o n  
model which p ro v id e s  th e  f i rm  w i th  th e  o p p o r tu n i ty  o f  e v a l u a t i n g  i t s  
r e t a i l  d i s t r i b u t i o n  n e tw o r k 's  a g g re g a te  pe rfo rm an ce  so  a s  to  a c h ie v e  
c e r t a i n  c o m p e t i t iv e  a d v a n ta g e s  i n  te rm s o f  c o s t  s t r u c t u r e s  and m arket 
co v erag e  c a p a b i l i t i e s .
The model i s  d e s ig n e d  on a dynamic b a s i s  i n  t h a t  i t  i s  tim e 
d ep en d e n t .  B e s id e s ,  th e  m o d e l’s  o u tp u t  i s  th e  r e s u l t  o f  a  s e t  o f  
s e q u e n t i a l  d e c i s i o n s ,  f e e d -b a c k  lo o p s ,  and r e c u r s i v e  r e l a t i o n s h i p s  
d e s ig n e d  to  a d j u s t  th e  m o d e l 's  p e rfo rm an ce  to  a c t u a l  m arket c o n d i t io n s  
a s  p e r c e iv e d  by management. An o u t l i n e  o f  th e  m o d e l 's  t o t a l  p ro c e d u re s  
i s  diagrammed i n  f i g u r e  7 below .
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The M odel1s B a s ic  F u n c t io n a l  
R e l a t io n s h ip s
1. I n t r o d u c t i o n .
The p re v io u s  two c h a p te r s  have o u t l i n e d  i n  c o n s id e r a b le  d e t a i l s  
th e  b a s i c  components o f  a dynamic model f o r  a l l o c a t i n g  th e  r e t a i l  
o u t l e t  b u i l d i n g  r e s o u r c e s  o f  a  m a rk e t in g  f i r m  a c r o s s  i t s  v a r io u s  m arket 
a r e a s .  There th e  g a s o l i n e  r e t a i l i n g  i n d u s t r y  as  a  s u i t a b l e  a n a l y t i c a l  
framework f o r  d e t a i l i n g  th e  m o d e l 's  b a s i c  p ro c e d u re s  was c o n s id e r e d .
To i t e r a t e ,  th e  model c o n s i s t s  o f  t h r e e  b a s i c  com ponents: th e  
I n p u t  In f o rm a t io n  System , th e  O p e ra t in g  System , and th e  O utpu t In fo rm a­
t i o n  System . The I IS  c o n s i s t s  o f  two su b sy s te m s :  th e  In p u t  Data Sub­
sys tem  and th e  D ata P r e p a r a t i o n  Subsystem . The o b j e c t i v e  o f  th e  l a t t e r  
su b sy s tem  i s  to  a c t  as  a s c a n n in g  d e v ic e  f o r  i s o l a t i n g  h ig h  p o t e n t i a l  
m arke t a r e a s  f o r  f u t u r e  o u t l e t  e x p a n s io n .  .T h is  in v o lv e s ,  among o t h e r  
t h i n g s ,  th e  f i t t i n g  o f  a  t h r e s h o ld  f u n c t io n  and th e  su b se q u e n t  c o n s t r u c ­
t i o n  o f  s a t u r a t i o n  in d e c e s  f o r  th e  r e s p e c t i v e  m arket a r e a s  under c o n s id ­
e r a t i o n .
The second  sy s tem  i s  th e  O p e ra t in g  System. I t  c o n s t i t u t e s  th e  
h e a r t  o f  th e  model and c o n s i s t s  o f  f o u r  o p e r a t i n g  su b sy s te m s :  th e  M arket 
Response F u n c t io n  Subsystem , th e  E m p ir ic a l  C ost A n a ly s is  Subsystem , 
th e  L o c a t io n - A l lo c a t io n  su b sy s tem , and th e  I n t e g r a t i o n a l  Subsystem .
The o b j e c t i v e  o f  th e  MRF su b sy s tem  i s  to  examine th e  r e l a t i o n ­
s h ip s  e x i s t i n g  be tw een  th e  f i r m 's  m arke t s h a r e  i n  a  g iv e n  m arket a r e a  
and i t s  s h a r e  o f  th e  r e t a i l  o u t l e t s  o p e r a t i n g  i n  t h a t  a r e a .  Th is
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The M odel 's  B a s ic  F u n c t io n a l  
R e l a t io n s h ip s
1. I n t r o d u c t i o n ♦
The p re v io u s  two c h a p te r s  have  o u t l i n e d  i n  c o n s id e r a b le  d e t a i l s  
th e  b a s i c  components o f  a dynamic model f o r  a l l o c a t i n g  th e  r e t a i l  
o u t l e t  b u i l d i n g  r e s o u r c e s  o f  a  m a rk e t in g  f i r m  a c r o s s  i t s  v a r io u s  m arket 
a r e a s .  There th e  g a s o l i n e  r e t a i l i n g  i n d u s t r y  as  a  s u i t a b l e  a n a l y t i c a l  
framework f o r  d e t a i l i n g  th e  m o d e l 's  b a s i c  p ro c e d u re s  was c o n s id e r e d .
To i t e r a t e ,  th e  model c o n s i s t s  o f  t h r e e  b a s i c  com ponents: th e  
I n p u t  In f o rm a t io n  System , th e  O p e ra t in g  System , and th e  O utpu t In fo rm a­
t i o n  System. The I IS  c o n s i s t s  o f  two s u b sy s te m s :  th e  In p u t  Data Sub­
sys tem  and th e  D ata P r e p a r a t i o n  Subsystem . The o b j e c t i v e  o f  th e  l a t t e r  
su b sy s tem  i s  to  a c t  as  a s c a n n in g  d e v ic e  f o r  i s o l a t i n g  h ig h  p o t e n t i a l  
m arke t a r e a s  f o r  f u t u r e  o u t l e t  e x p a n s io n .  .T h is  i n v o lv e s ,  among o t h e r  
t h i n g s ,  th e  f i t t i n g  o f  a t h r e s h o ld  f u n c t i o n  and th e  su b se q u e n t  c o n s t r u c ­
t i o n  o f  s a t u r a t i o n  in d e c e s  f o r  th e  re s p e fc t iv e  m arke t a r e a s  under  c o n s id ­
e r a t i o n .
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The second  sy s tem  i s  th e  O p e ra t in g  System . I t  c o n s t i t u t e s  th e  
h e a r t  o f  th e  model and c o n s i s t s  o f  f o u r  o p e r a t i n g  su b sy s te m s :  th e  M arket 
Response F u n c t io n  Subsystem , th e  E m p ir ic a l  C ost A n a ly s is  Subsystem , 
th e  L o c a t io n - A l lo c a t io n  su b sy s tem , and th e  I n t e g r a t i o n a l  Subsystem .
The o b j e c t i v e  o f  th e  MRF su b sy s te m  i s  to  examine th e  r e l a t i o n ­
s h ip s  e x i s t i n g  be tw een  th e  f i r m 's  m arke t s h a r e  i n  a  g iv e n  m arke t a r e a  
and i t s  s h a r e  o f  th e  r e t a i l  o u t l e t s  o p e r a t i n g  i n  t h a t  a r e a .  This
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i n v o lv e s  a knowledge o f  th e  f i r m 's  m arket r e s p o n se  f u n c t io n  which 
r e f l e c t s  th e  p a r t i c u l a r s  o f  i t s  m arket p o s i t i o n .
The second  o p e r a t i n g  su b sy s tem  i s  th e  E m p ir ic a l  Cost A n a ly s is  
su b sy s tem . I t  aims a t  d e te rm in in g  th e  "optimum" economic s i z e  o f  a 
g a s o l i n e  r e t a i l  o u t l e t .  By optimum s i z e  i t  i s  meant th e  l e v e l  o f  o u t ­
p u t  a t  which th e  o u t l e t ' s  a v e rag e  t o t a l  c o s t  i s  a t  a minimum.
The t h i r d  o p e r a t i n g  su b sy s tem  i s  th e  L o c a t io n - A l lo c a t io n  s u b sy s ­
tem. I t  c o n s i s t s  o f  a  s e t  o f  p ro c e d u re s  and l o c a t i o n  s u b r o u t in e s  which 
s im u l ta n e o u s ly  l o c a t e  a g iv e n  number o f  r e t a i l  o u t l e t s  and a l l o c a t e s  
e x i s t i n g  demand to  them.
F i n a l l y ,  th e  I n t e g r a t i o a n l  Subsystem  i n t e g r a t e s  t h e  r e s u l t s  and 
p ro c e d u re s  d ev e lo p ed  by th e  p re v io u s  su b sy s tem s v i a  a  s e t  o f  f e e d -b a c k  
lo o p s  and r e c u r s i v e  r e l a t i o n s h i p s ,  so  as  to  p roduce  an "optimum" p la n  
f o r  a l l o c a t i n g  th e  f i r m ' s  r e t a i l  o u t l e t  b u i l d i n g  funds a c r o s s  i t s  m arke t 
a r e a s  and o v e r  a  g iv e n  p e r io d  o f  t im e ,  s u b j e c t  to  th e  f i r m 's  m a rk e t in g  
o b j e c t i v e s  and i t s  b u d g e ta r y  c o n s t r a i n t s .
.Plan o f  P r e s e n t a t i o n .
I n  th e  re m a in in g  c h a p te r s  o f  th e  p r e s e n t  monograph, an i l l u s t r a t i v e  
a p p l i c a t i o n  o f  th e  m o d e l 's  b a s i c  p ro c e d u re s  to  th e  p rob lem  o f  a l l o c a t i n g  
g a s o l i n e  r e t a i l  o u t l e t  b u i l d i n g  r e s o u r c e s  a c r o s s  a number o f  s e l e c t e d  
m ark e t  a r e a s  and o v e r  a p e r io d  o f  f i v e  y e a r s  w i l l  b e  p r e s e n t e d .  However, 
s i n c e  a  f u l l - f l e d g e d  r e a l - l i f e  a p p l i c a t i o n  o f  some o f  th e  m o d e l 's  p ro ­
c e d u r e s ,  e s p e c i a l l y  t h e  L o c a t io n - A l lo c a t io n  S u b sy s tem 's  p ro c e d u re s ,  would 
r e q u i r e  a  c o n s id e r a b l e  amount o f  c o m p a n y -sp e c if ic  in f o r m a t io n  a s  w e l l  a s
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th e  d e t a i l e d  a n a l y s i s  o f  in v o lv e d  m arket a r e a s ,  i t  was d ec id e d  to  l i m i t  
th e  a p p l i c a t i o n  o f  such  p ro c e d u re s  to  one m arke t a r e a  w i th  th e  u n d e r­
s t a n d i n g  t h a t  th e  e x t e n s io n  o f  th e  a n a l y s i s  to  more th a n  one m arket 
a r e a  i s  s t r a i g h t f o r w a r d .
The p r e s e n t  c h a p t e r ,  t h e r e f o r e ,  w i l l  be  concerned  w ith  d e v e lo p ­
in g  th e  m ode l’ s b a s i c  f u n c t i o n a l  r e l a t i o n s h i p s .  I t  c o n s i s t s  o f  f i v e  
m ajo r s e c t i o n s .  In  s e c t i o n  two a f t e r  th e  i n t r o d u c t i o n ,  th e  th r e s h o ld  
f u n c t io n  i s  f i t t e d  to  d a ta  on c i t i e s  l o c a t e d  i n  th e  s o u th e r n  r e g io n  o f  
th e  U n ited  S t a t e s .  S e c t io n  t h r e e  exam ines th e  c o s t  s t r u c t u r e  o f  a 
l a r g e  sam ple o f  g a s o l i n e  r e t a i l  . o u t l e t s  o p e r a t in g  i n  v a r io u s  c i t i e s  
i n  th e  U n ited  S t a t e s  i n  an  e f f o r t  to  a r r i v e  a t  an "optimum" economic 
s i z e  o f  a  g a s o l i n e  s e r v i c e  s t a t i o n .  S e c t io n  f o u r  i s  devo ted  to  th e  
developm ent o f  th e  f i r m ' s  m arket r e s p o n se  f u n c t i o n .  F i n a l l y ,  s e c t i o n  
f i v e  p r e s e n t s  a summary and c o n c l u s i o n s .
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2. T h resh o ld  A n a ly s is .
In  s e c t i o n  one o f  c h a p te r  two above th e  co n cep t  o f  a T h resh o ld  
f u n c t io n  was in t r o d u c e d  a s  a means o f  e x p r e s s in g  the  r e l a t i o n s h i p  
e x i s t i n g  betw een th e  number o f  consuming u n i t s  i n  a g iv e n  m arke t a r e a  
and th e  number o f  r e t a i l  o u t l e t s  needed  to  meet th e  demand o f  th o s e  
u n i t s .  There i t  was h y p o th e s i z e d ,  fo l lo w in g  th e  r e s u l t s  o f  p re v io u s  
t h r e s h o ld  a n a l y s i s  s t u d i e s ,  t h a t  such  a  r e l a t i o n s h i p  fo l lo w s  th e  expo­
n e n t i a l  model
Pi  = a  . b Ni   4 .1
where i s  c i t y  i ’s p o p u la t io n  s i z e ,  i s  t h e  number o f  r e t a i l  u n i t s  
o p e r a t in g  i n  c i t y  i  ( g a s o l in e  s e r v i c e  s t a t i o n s ) ,  and ’ a 1 and ' b * a re  
p a ra m e te rs  to  be e s t i m a te d .
Model 4 .1  can be l i n e a r i z e d  by way o f  a l o g a r i t h m i c  t r a n s fo rm a ­
t i o n  o f  i t s  v a r i a b l e s .  Thus, by t a k in g  th e  lo g a r i th m  o f  b o th  s i d e s  o f
( 4 .1 )  we o b t a in  th e  f o l lo w in g  e x p r e s s io n :
In  P± = ln - ( a )+ N  l n ( b )  ;   4 .2
o r ,  by r e a r r a n g in g  te rm s ,
l n ( a )  1
N.  --------------+---------  I n  P '.   4 .3
l n ( b )  l n ( b )  *
N ex t,  d e f in e
a* = - l n ( a ) / l n ( b )    4 .4
b ’ = l / l n ( b ) , and  4 .5
p '  = l n ( P ) .  4 .6
Then by s u b s t i t u t i n g  th e  above v a lu e s  i n t o  4 . 3 ,  model 4 .1  becomes
N± = a '  +  b ' . P j .   4 .7
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I n  o r d e r  to  f i t  model 4 .7 ,  p o p u a l t io n  d a ta  f o r  c i t i e s  in  th e  West 
South  C e n t r a l  s t a t e s  w i th  p o p u la t io n s  o f  2 ,500  i n h a b i t a n t s  o r  more, and 
f o r  c i t i e s  w i th  10,000 i n h a b i t a n t s  o r  more i n  th e  South  A t l a n t i c  and 
E a s t  South  C e n t r a l  s t a t e s  were  o b ta in e d  from th e  1970 U. S . Census o f  
P o p u la t io n .  A f t e r  e s t i m a t i n g  each  c i t y ' s  1972 p o p u la t io n  s i z e  on th e  
b a s i s  o f  i t s  r a t e  o f  p o p u la t io n  change o v e r  th e  p e r io d  from 1960-1970, 
th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  o p e r a t in g  i n  t h a t  c i t y  was 
o b ta in e d  from th e  19.72 U. S . Census o f  R e t a i l  T rad e .  I n  a d d i t i o n ,  t o t a l  
r e t a i l  s a l e s  o f  s e r v i c e  s t a t i o n s  o p e r a t i n g  i n  a g iv e n  c i t y ,  and th e  
c i t y ' s  r e t a i l  t r a d e  s a l e s  were a l s o  r e c o rd e d -. A f te r  e x c lu d in g  o b s e r ­
v a t io n s  w i th  m is s in g  v a l u e s ,  th e  d a ta  s e t  c o n s i s t e d  o f  805 o b s e r v a t io n s .
The p o p u la t i o n  s i z e  d i s t r i b u t i o n  o f  th e  c i t i e s  l o c a t e d  i n  th e  
s o u th e r n  r e g io n  o f  th e  U n ited  S t a t e s  a s  w e l l  as th o se  in c lu d e d  i n  th e  
d a ta  s e t  i s  c o n ta in e d  i n  t a b l e  4 below . In  a d d i t i o n ,  a  p l o t  o f  th e  
number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  a g a i n s t  c i t y  p o p u a l t io n  i s  a l s o  
shown i n  f i g u r e  8 be low . P ig u r e  9 , on th e  o th e r  hand , shows an e n la r g e d  
segm ent o f  f i g u r e  8 f o r  c i t i e s  w i th  p o p u la t io n s  betw een  2 ,500 and 20 ,000 
i n h a b i t a n t s .
I t  can  be  i n f e r r e d  from f i g u r e  8 t h a t  th e  u n d e r ly in g  f u n c t i o n a l  
r e l a t i o n s h i p  be tw een  th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  and c i t y  
p o p u la t io n  s i z e  i s  l i n e a r  r a t h e r  th an  e x p o n e n t i a l  a s  s u g g e s te d  by p r e ­
v io u s  t h r e s h o l d  a n a l y s i s  s t u d i e s .  Such a  c o n c lu s io n  i s  f u r t h e r  s u p p o r t ­
ed  by th e  p l o t  i n  f i g u r e  10 below . There  th e  number o f  s e r v i c e  s t a t i o n s  
i s  p l o t t e d  a g a i n s t  th e  l o g a r i t h m  o f  c i t y  p o p u la t io n .  The f i g u r e  r e v e a l s
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a c u r v i l i n e a r  r e l a t i o n s h i p  betw een  th e  two v a r i a b l e s  which s u g g e s t s  
t h a t  the- o r i g i n a l  f u n c t i o n a l  r e l a t i o n s h i p  i s  n o t  e x p o n e n t i a l  as hypo­
t h e s i z e d  by model ( 4 .1 )  above . In  a d d i t i o n ,  an a t te m p t  to  f i t  model
T ab le  4
D is tr ib u tio n  o f  C i t ie s  With 
2500 In h a b ita n t  o r  More: 
The Southern  Region.
D iv isio n s
and
S tateB



















U nited S t a te s ................ 2b0 520 1 385 1 839 2 295
S .A t la n t ic ....................... 26 27 61« 197 295 361
Delaware................ 1 - 3 6 h
M aryland................ 6 lh 36 l<9 19
D.C........................... - - - - -
V irg in ia ................ 3 6 30 3** 26
W .V irg in !a ............ 2 5 8 12 26
It. C a ro lin a ............ 1: 11 SU 3*( 61
S. C a ro lin a ............ 2 14 lU 35 h i
G eorg ia.................. 2 7 26 32 76
F lo r id a .................. 7 7 17 56 93 106
E .S .C e n tra l ..................... 28 79 123 169
Kentucky................ 2 6 21 28 UU
T ennessee.............. - 6 22 31 1(2
Alabama.................. 2 6 21 1(1 *(7
M is s is s ip p i .......... - 8 15 23 36
W .S .O en tral..................... 25 38 138 17*4 270
A rkansas................ 3 5 16 19 33
L o u is ia n a .............. 3 6 su 33 1(2
Oklahoma................ 2 8 18 27 *(3
T exas....................... 17 19 80 95 152
The South T o ta l ............ 51* 56 130 l4ll< 592 800
Sample T o ta l .................. 53 106 268 136 189
Source: Adapted from th e  1970 Census o f  P o p u la tio n , U n ited  S ta te s  Summary, U .S.B ureau o f  
th e  CenBus, T ab le  19.
(4 .7 )  to  th e  a v a i l a b l e  sam ple d a ta  r e s u l t e d  i n  a  v e ry  po o r f i t  and , as 
shown in  f i g u r e  11 be low , th e  p l o t  o f  r e s i d u a l s  a g a i n s t  th e  in d e p e n d e n t  
v a r i a b l e  c l e a r l y  i n d i c a t e d  t h a t  th e  wrong model h a s  b een  u sed .
F ig u re  8
P l o t  o f  Number o f  S t a t i o n s  A g a in s t  





P l o t  o f  th e  Number o f  S e rv ic e  S t a t i o n s  
A g a in s t  C i ty  P o p u la t io n  f o r  C i t i e s  
With P o p u la t io n s  Between 
2 ,500  and 20,000 
I n h a b i t a n t s
Number
o f








C ity  P o p u la t io n
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F ig u re  10 
Number o f  S t a t i o n s  A g a in s t  
L o g -P o p u la t io n
plot o r  s m i M L o e r o r  i y n m i  m e  i s  •





•  • • •  • • •
•  • • •  •
•  • • • • • • •  • •  •  • • •
• III! •(•••••Ill • •• ••
0 •       •• •• •I ^  ^          t t
1 .0  7 .5  1 .0  0 .9  9 .0  9 .9  10 .0  1 0 .9  1 1 .0  1 1 .9  1 2 .0  1 2 .9  1 3 .0  1 3 .9  1 9 .0  19.9
to c ro p
F ig u re  11 
R e s id u a ls  A g a in s t  L o g -P o p u la t io n
plot o r  a t s x o n o o r o r  a taao L  o s to  xs •
IIS19 | 
1290 •
•  • •  • •  •  •
•  •  •  •
•» .. m I I ^ « I .> — i .> .IM I» ^ * i —•»•■■■■—»
•  HO •
W  "  " i t s  > !o  M  M  i l l  1o!o 1 0 .9  1 l !o  11*9 u ! 7  1 2 .5  1 3 .0  u N  19.0  19 .5
LOO POP
139
a) A L in e a r  T h resh o ld  F u n c t io n .
Based on th e  above r e s u l t s ,  i t  i s  h y p o th e s iz e d  t h a t  a  l i n e a r  
r e l a t i o n s h i p  e x i s t s  be tw een  th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  
and c i t y  p o p u la t i o n .  The u n d e r ly in g  r e l a t i o n s h i p ,  how ever, seems to  
change s lo p e  a t  two c o n s e c u t iv e  p o i n t s :  th e  p o i n t  a t  w hich c i t y  p o p u la ­
t i o n  i s  a p p ro x im a te ly  e q u a l  to  3 ,500  and 15,000 i n h a b i t a n t s  consecu­
t i v e l y .  P u t  a n o th e r  way, th e  n a t u r e  o f  th e  f u n c t i o n a l  r e l a t i o n s h i p  
im p l ie d  by th e  p l o t s  i n  f i g u r e s  8 and 9 above i s  such  t h a t  th e  a v e rag e  
number o f  s e r v i c e  s t a t i o n s  o p e r a t i n g  i n  a  g iv e n  c i t y  d e c r e a s e s  as th e  
c i t y ' s  p o p u la t io n  s i z e  i n c r e a s e s  from 2 ,500  to  a p p ro x im a te ly  3 ,500  
i n h a b i t a n t s .  A f te rw a rd s ,  th e  f u n c t io n  i n c r e a s e s ,  f i r s t  r a p i d l y  f o r  
c i t i e s  w i th  p o p u a l t io n s  be tw een  3 ,500  and 15,000 i n h a b i t a n t s ,  and then
a t  a s lo w e r  r a t e  f o r  c i t i e s  w i th  p o p u la t io n s  g r e a t e r  than  15,000 in h a b -  
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i t a n t s .
Such a  change i n  th e  s lo p e  o f  th e  f u n c t io n  may be  due to  th e  f a c t  
t h a t  o u tsh o p p in g  b e h a v io r  i s  more p r e v a l e n t  i n  s m a l l e r  c i t i e s  th a n  in  
l a r g e r  o n e s .  Under such  c o n d i t i o n s ,  i n d i v i d u a l s  a r e  i n c l i n e d  to  f u l f i l l  
t h e i r  demand f o r  g a s o l i n e  w h i le  they  a r e  on a  sh o p p in g  o r  a  b u s in e s s  
t r i p  to  n e ig h b o r in g  l a r g e r  c i t i e s .  As c i t y  s i z e  i n c r e a s e s ,  how ever, 
o u tsh o p p in g  b e h a v io r  becomes l e s s  f r e q u e n t  and more consum ers w i l l  te n d  
to  l i m i t  t h e i r  sh o p p in g  a c t i v i t i e s  to  th e  now a v a i l a b l e  sh o p p in g  oppor­
t u n i t i e s  i n  t h e i r  r e s p e c t i v e  hometowns.
* ^ S e e  a p p en d ix  B, n o te  B4-1.
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Such b e in g  th e  c a s e ,  one would e x p e c t  th e  demand f o r  g a s o l i n e  to  
i n c r e a s e  a t  a  f a s t e r  r a t e  than  th e  r a t e  o f  i n c r e a s e  in  c i t y  p o p u la t i o n .  
T h is  i s  so  because  th e  d e c r e a s e  i n  o u ts h o p p in g  a c t i v i t i e s  r e d u c e s  th e  
le a k a g e  i n  g a s o l in e  demand to  n e ig h b o r in g  c i t i e s  and , c o n s e q u e n t ly ,  
i n c r e a s e s  th e  demand f o r  g a s o l i n e  a t  l o c a l  s t a t i o n s .  To t h i s  i s  
added th e  new demand f o r  g a s o l i n e  c r e a t e d  by in c r e a s e d  c i t y  p o p u la t i o n .
Based on th e  above d i s c u s s i o n ,  i t  was h y p o th e s iz e d  t h a t  f o r  c i t i e s  
w i th  p o p u a l t io n s  o f  3 ,500  i n h a b i t a n t s  o r  l e s s  th e  f o l lo w in g  h o ld s  t r u e .
1. O ther  t h in g s  b e in g  e q u a l ,  t h e r e  i s  an i n v e r s e  r e l a t i o n s h i p  
betw een  th e  number o f  s e r v i c e  s t a t i o n s  o p e r a t in g  i n  a  g iv e n  
c i t y  and i t s  p o p u la t io n .
2 . O ther t h in g s  b e in g  e q u a l ,  t h e r e  e x i s t s  an i n v e r s e  r e l a t i o n ­
s h ip  be tw een  th e  number o f  s e r v i c e  s t a t i o n s  and th e  a v e rag e  
s t a t i o n  s i z e  as  m easured  by i t s  a v e ra g e  s a l e s  i n  d o l l a r s .
3. O th e r  t h in g s  b e in g  e q u a l ,  t h e r e  e x i s t s  a  d i r e c t  r e l a t i o n ­
s h ip  b e tw een  th e  number o f  s e r v i c e  s t a t i o n s  o p e r a t in g  i n  a 
g iv en  c i t y  and th e  c i t y ' s  p e r  c a p i t a  r e t a i l  s a l e s .
In  o r d e r  to  t e s t  th e  above h y p o th e s e s ,  th e  l i n e a r  model
STANUMi  = 3q + B1POP72i  + 32AVSALES;L +  &3CAPITAi  + e i  ..........  4 .8
w here
STANUM̂  = th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  i n  c i t y  i ,
POP72^ = c i t y  i ' s  p o p u la t i o n ,
AVSALES^ = a v e ra g e  s e r v i c e  s t a t i o n  s a l e s  i n  c i t y  i  i n  th o u san d s  o f  
d o l l a r s ,
CAPITA^ = p e r  c a p i t a  r e t a i l  s a l e s  i n  c i t y  i  i n  th o u san d s  o f  
d o l l a r s , and
3q to  3g ® a r e  p a ra m e te r s  to  be  e s t i m a te d ,
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was f i t t e d  to  d a t a  on c i t i e s  w i th  p o p u la t io n s  o f  3 ,500 i n h a b i t a n t s  o r  
l e s s  by th e  method o f  L e a s t -S q u a re s  l i n e a r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  
The r e s u l t s  a r e  c o n ta in e d  i n  t a b l e  5 be low . From t h e r e  th e  e s t im a te d  
th r e s h o ld  f u n c t io n  can  be  e x p re s s e d  a s  f o l lo w s :
STANUM = 13.8664 -  0 .0013  POP72 -  0 .0364  AVSALES + 1 .6653 CAPITA.
D e sp i te  th e  f a c t  t h a t  th e  above f u n c t io n  e x p la i n s  o n ly  40 p e r c e n t  • 
o f  th e  v a r i a t i o n s  i n  th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s ,  i t s  
p a ra m e te rs  a re  a l l  s i g n i f i c a n t l y  d i f f e r e n t  from z e ro  a t  b e t t e r  than  
th e  0.001  l e v e l  o f  s i g n i f i c a n c e , ,  e x c e p t  th e  c o e f f i c i e n t  o f  c i t y  pop­
u l a t i o n  which i s  s i g n i f i c a n t l y  d i f f e r e n t  from zero  a t  t h e  0 .10  l e v e l  o f  
s i g n i f i c a n c e .  What i s  more im p o r ta n t ,  how ever, i s  t h a t  a l l  o f  th e  
m o d e l 's  p a ra m e te rs  have  th e  r i g h t  s ig n s  s u g g e s te d  by th e  r e l a t i o n s h i p s  
h y p o th e s iz e d  above. Thus, as  c i t y  p o p u la t i o n  i n c r e a s e s ,  t h e  av erag e  
number o f  s e r v i c e  s t a t i o n s  d e c r e a s e s ,  C e t e r i s  P a r ib u s .  S i m i l a r l y ,  as 
th e  av e rag e  s i z e  o f  a  s e r v i c e  s t a t i o n  i n c r e a s e s ,  th e  av e rag e  number o f  
s e r v i c e  s t a t i o n s  d e c r e a s e s ,  C e t e r i s  P a r i b u s .  The l a t t e r  r e l a t i o n s h i p  
im p l ie s  t h a t ,  on th e  a v e ra g e ,  s e r v i c e  s t a t i o n  o p e r a to r s  ten d  to  in c r e a s e  
th e  c a p a c i ty  o f  t h e i r  s t a t i o n s  r a t h e r  th a n  b u i l d i n g  new ones i n  re sp o n se  
to  in c r e a s e d  demand f o r  g a s o l i n e .  Thus, a s  c i t y  s i z e  i n c r e a s e s ,  s t a t i o n  
s i z e  a l s o  i n c r e a s e s ,  and r e l a t i v e l y  few er  s t a t i o n s  w i l l  be needed  to  
meet th e  c i t y ' s  demand f o r  g a s o l i n e .
Table 5
E s t im a te d  R eg re ss io n  P a ra m e te rs  • 
and R e la te d  S t a t i s t i c s :
Model (4 .8 )





SUM OF SQUARES 
5 8 2 .1 4 2 0 1 2 7 5  
8 5 2 .0 4 6 8 7 6 1 3  
1 4 3 4 .9 8 6 8 8 8 8 9
MEAN SQUARE 
1 9 4 .1 1 4 0 0 4 2 5  
9 .  91 **49850
F VALUE 
1 9 .5 8
PR > F 














6 7 .1 5 2 3 6 6 3 8  
1 1 4 .5 1 0 4 1 0 0 5  
3 8 0 .6 5 9 2 1 6 1 3
F VALUE
8 . 7 9  
. 1 1 .5 5  
3 6 .3 9
Pll > F






2 6 .3 3 5 2 9 7 1 6
1 6 5 .0 0 4 9 3 8 7 2










1 3 .8 6 6 4 5 2 1 8
- 0 . 0 0 1 2 9 1 4 8
- 0 . 0 3 6 3 6 6 9 6
1 .6 6 5 2 9 6 5 8
T  F OR HO :  
P A K A M L 1 C R a 0
5 . 1 2
- 1 . 6 1-4.08
6 . 2 0
PR > III
0.0001 
0 . 1 0 6 8  
O.UOOI O.OOUI
STD ERROR Or ESTIMATE
2 .1 0 7 9 8 2 7 8
0 .0 U O 7 9 2 4 2
0 .0 0 8 9 1 4 4 4
0 .2 6 0 7 5 6 1 9
S ource : SAS p r i n t o u t .
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b) F i t t i n g  th e  T h resh o ld  Model.
Due to  th e  d i f f e r e n c e  i n  th e  n a t u r e  o f  th e  r e l a t i o n s h i p  e x i s t ­
in g  betw een th e  number o f  s e r v i c e  s t a t i o n s  and c i t y  p o p u la t io n  f o r  
c i t i e s  w i th  3 ,500 i n h a b i t a n t s  o r  l e s s  and f o r  th o s e  w i th  o v e r  3 ,500 
i n h a b i t a n t s ,  i t  was d e c id e d  to  ex c lu d e  form th e  p r e s e n t  a n a l y s i s
Table  6 
The Data C o r r e l a t i o n  M a tr ix
iN COEFFICIENTS /  PROB > IRI UNDER HO :RHO=0 /  N = 7
STANUM POP72 AVSALES CAPITA
STANUM 1 .0 0 0 0 0 0 .9 7 0 6 6 0.1008*3 0 .1 3 7 0 5
0 .0 0 0 0 0 .0 0 0 1 0 . 0 2 8 3 0 . 0 2 1 5
POP72 0 .9 7 0 6 6 1 . 0 0 0 0 0 0 .0 6 0 8 5  - 0.0*3192
0 .0 0 0 1 0 .0 0 0 0 0.0*300 0 . 3 6 3 0
AVSALES 0 .1 0 0 8 4 0 . 0 6 0 8 5 1 .0 0 0 0 0 0 .0 0 7 2 0
0 . 0 2 8 3 0.0*300 0 . 0 0 0 0 0 . 8 7 5 8
CAPITA 0 . 1 3 7 0 5 -0.0*3192 0 .0 0 7 2 0 1 .0 0 0 0 0
0 .0 2 1 5 0 . 3 6 3 0 0 . ‘8758 0 . 0 0 0 0
S ource : SAS p r i n t o u t .  •
th o s e  o b s e r v a t io n s  f o r  which c i t y  p o p u la t io n  i s  l e s s  th a n  3 ,500 
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i n h a b i t a n t s .  C o n seq u en tly ,  th e  r e s u l t i n g  d a t a  s e t  c o n s i s t e d  o f  743 
o b s e r v a t i o n s .  They a r e  c o n ta in e d  in  t a b l e  A1 o f  ap p en d ix  A. The c o r ­
r e l a t i o n  m a t r ix  f o r  th e  v a r io u s  v a r i a b l e s  c o n ta in e d  i n  th e  d a t a  s e t  
i s  shown i n  t a b l e  6 above . From th e r e  i t  can  be  i n f e r r e d  t h a t  th e
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I t  i s  p o s s i b l e ,  though o p e r a t i o n a l l y  d i f f i c u l t ,  to  f i t  model
( 4 .8 )  to  th e  e n t i r e  d a ta  s e t  u s in g  dummy v a r i a b l e s  i n  a manner s i m i l a r  
to  t h a t  i n d i c a t e d  i n  a p p en d ix  B, n o te  B 4-1. However, due to  th e  i l l u s ­
t r a t i v e  n a t u r e  o f  t h e . p r e s e n t  a n a l y s i s  i t  was d e c id e d  n o t  to  do so .
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in d e p e n d e n t  v a r i a b l e s  a r e  p a i r w is e  u n c o r r e l a t e d  w hich red u c es  th e  
chances  o f  m u l t i c o l l i n e a r i t y  among th e s e  v a r i a b l e s .
The T h resh o ld  F u n c t io n . Based on th e  f i n d i n g s  r e p o r t e d  i n  th e  
p re c e d in g  s e c t i o n s ,  i t  i s  h y p o th e s iz e d  t h a t  th e  l i n e a r  model e x p re s s e d  
i n  ( 4 .8 )  above, v i z . ,
STANUM,, = eQ + 3 X POP721 + 82 AVSALESi  + 03 CAPITA ,
w ith  norm al e r r o r  te rm s i s  e x p e c te d  to  be  a p p r o p r i a t e  f o r  th e  p u rpose  
o f  th e  p r e s e n t  a n a l y s i s .
The L e a s t - S q u a re s  e s t i m a t e s  o f  th e  m o d e l 's  p a ra m e te rs  and r e l a t e d  
s t a t i s t i c s  a r e  c o n ta in e d  i n  t a b l e  7 below . From t h e r e ,  th e  e s t im a te d  
th r e s h o ld  f u n c t io n  can  b e  e x p re s s e d  a s  f o l l o w s :
STANUM = 8 .6147  +  0 .0 0 1 0  POP72 -  0 .1046  AVSALES + 6 .3357  CAPITA
 4 .9
w ith  a l l  e s t i m a te d  p a ra m e te r s  b e in g  s i g n i f i c a n t l y  d i f f e r e n t  from z e r o .
When a l l  th e  in d e p e n d e n t  v a r i a b l e s  a r e  c o n s id e r e d ,  f u n c t io n  (4 .9 )  
a c c o u n ts  f o r  96.84% o f  t h e  t o t a l  v a r i a t i o n  p r e s e n t  i n  t h e  d a t a .  Such 
a c o n c lu s io n  i s  s u p p o r te d  by th e  p l o t  c o n ta in e d  i n  f i g u r e  12 below 
which shows t h a t  a  c l o s e  f i t  e x i s t s  be tw een  th e  o b se rv e d  and th e  e s t i ­
mated f u n c t i o n a l  r e l a t i o n s h i p s .
F i n a l l y ,  e q u a t io n  ( 4 .9 )  i n d i c a t e s  t h a t  th e  mean re s p o n se  v a lu e  
o f  th e  number o f  s e r v i c e  s t a t i o n s  i s  e x p e c te d  to  i n c r e a s e  by a p p ro x i ­
m a te ly  0.001  u n i t s  f o r  each  u n i t  i n c r e a s e  i n  c i t y  p o p u la t io n  s i z e ,  o th e r  
v a r i a b l e s  b e in g  h e l d  c o n s t a n t .  S i m i l a r  s t a t e m e n t s  can  b e  made r e g a r d in g
Table 7
E stim a te d  R eg ress io n  P a ra m e te rs  
and R e la te d  S t a t i s t i c s ,  
Model ( 4 . 8 ) :  F u l l
D ata .
DEPENDENT VARIABLE: STANON
SODBCE or SON OP SQUARES HEAR SQUARE P VALOE PR > P ■-SQUARE C.V.
HODEL 3 6897651.03099*98 2299217.01033166 6865.55 0.0001 0.965363 32.6*88
EBBOB 739 . 2*7485.02553261 319.89178015 STD DEV STANU8 HEAN
COBBECTED TOTAL 742 71*5136.05652759 18.3000*864 56.05119901
SOOBCE o r TYPE I SS P VALOE PR > P DP TYPE IV SS r VALUE PR > P
POP72 1 68256*7.8*957159 20381.65 0.0001 1 68*56*9.13336*89 20991.36 0.0001
AVSALES 1 11198.266865*5 33.90 0.0001 1 16011.25695693 97.81 0.0001
CAPITA 1 60804.91*5579* 181.57 0.0001 1 60809.91*55799 181.57 0.0001
T TOR HO: PR > | T | STD ERROR OP
PARAHETEB ESTIRATB PARANETER=0 ESTIHATE
INTERCEPT 8.61*72590 3.53 0.000* 2.99190715
POP72 0.00102631 1*2.97 0.0001 0.00000718
AVSALES -0.10*59630 -6.91 0.0001 0.01512711
CAPITA 6.33567*79 13.47 0.0001 0.97019259
S ource : SAS p r i n t o u t . 145
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th e  e f f e c t s  o f  t h e  in d e p e n d e n t  v a r i a b l e s  AVSALES and CAPITA,
c) A ptness  o f  th e  M odel.
I n  o r d e r  to  examine th e  a p tn e s s  o f  model ( 4 .9 )  to  th e  d a t a ,  i n d i -
F ig u re  12 
P l o t  o f  STANUM(hat) A g a in s t  POP72 
Superim posed  Over a  P l o t  
o f  O bserved STANUM 
A g a in s t  POP72.
PLOT OP STANUN«POP72 SYMBOL USED IS •











• • PP 
• • PP • *
• P PP •
6 • • • • *P P
• PP PI •• •••PPP#
• «pppp •
PP P PP *
O ♦ PPPM __
q 120000 240000 360000 480000 600000 720000 840000 960000 IC80000 1200000
P0P72
S ource : SAS P r i n t o u t .
P
1320000
v i d u a l  p l o t s  o f  th e  r e g r e s s i o n  r e s i d u a l s  a g a i n s t  th e  e s t i m a te d  v a lu e s  o f  
th e  dependen t v a r i a b l e  STANUM as  w e l l  a s  a g a i n s t  th e  l e v e l s  o f  th e  in d e ­
p e n d en t v a r i a b l e s  POP72, AVSALES, and CAPITA were o b ta in e d .  They a r e
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c o n ta in e d  i n  f i g u r e s  13a, 13b, 13c, and 13d, r e s p e c t i v e l y .  There a r e  
no s u g g e s t io n s  i n  any o f  th e s e  p l o t s  t h a t  s y s te m a t i c  d e v i a t i o n s  from 
th e  f i t t e d  p la n e  e x i s t .
C onstancy  o f  E r r o r  V a r ia n c e .
T ab le  7 above shows t h a t  th e  f i t t e d  fu n c t io n  has  a mean y = 56 .0  
and a  s t a n d a r d  d e v i a t i o n  a  = 18 .30005. The r e s u l t i n g  c o e f f i c i e n t  o f  
v a r i a t i o n  (C .V .)  i s  e q u a l  to  31.2002 p e r c e n t .  However, s i n c e  no p re ­
v io u s  v a lu e s  o f  th e  c o e f f i c i e n t  have  been  r e p o r t e d  i n  th e  l i t e r a t u r e  
f o r  s i m i l a r  r e g r e s s i o n  m ode ls ,  no m ean in g fu l  judgem ent r e g a r d in g  i t s  
m agn itude  can  be made. In  g e n e r a l ,  how ever, when two d i s t r i b u t i o n s  
have s i m i l a r  mean v a lu e s  b u t  d i f f e r  in  te rm s o f  th e  m agnitude  o f  t h e i r  
r e s p e c t i v e  c o e f f i c i e n t s  o f  v a r i a t i o n ,  th e  one w i th  th e  s m a l l e r  v a r ia n c e  
•and, c o n s e q u e n t ly ,  s m a l l e r  c o e f f i c i e n t  o f  v a r i a t i o n  i s  p r e f e r r e d  o v e r  
th e  o t h e r  s i n c e  i t  p ro v id e s  f o r  more r e l i a b l e  e s t i m a t e s .
T e s t in g  f o r  H o m o s c e d a s t ic i ty .
A lthough th e  p l o t s  o f  th e  r e s i d u a l s  a g a i n s t  th e  in d e p en d e n t  
v a r i a b l e s  d id  n o t  r e v e a l  any s y s t e m a t i c  d e v ia t io n s  from th e  f i t t e d  
p l a n e ,  th e  p l o t  i n  f i g u r e  8 above shows a  tendency  to  be  more d i s p e r s e d  
f o r  h i g h e r  v a lu e s  o f  c i t y  p o p u la t io n  th a n  f o r  lo w er  o n e s . This  has  
r a i s e d  th e  q u e s t i o n  o f  w h e th e r  o r  n o t  th e  a ssu m p tio n  o f  c o n s t a n t  e r r o r  
v a r i a n c e  h a s  been  v i o l a t e d .
Based on t h i s  o b s e r v a t i o n ,  i t  was d e c id e d  to  conduct a  v a r i a n c e  
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S ou rce : SAS P r i n t o u t .
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143G o ld f ie ld  and Q uandt, which c o n s i s t  o f  th e  fo l lo w in g  s t e p s :
S tep  1. O rder th e  o b s e r v a t io n s  a c c o rd in g  to  th e  s i z e  o f  one 
o f  t h e . e x p l a n a t o r y  v a r i a b l e s .
S tep  2 . Omit C c e n t r a l  o b s e r v a t i o n s ,  th e  a c t u a l  v a lu e  o f  C 
depends on th e  d e s i r e d  power o f  th e  t e s t .
S tep  3. F i t  s e p a r a t e  r e g r e s s i o n s  by o r d in a r y  L e a s t  Squares  
to  th e  f i r s t  ( n - c ) /2  o b s e r v a t io n s  and to  th e  l a s t  
( n - c ) / 2  o b s e r v a t i o n s ,  p ro v id e d  t h a t  ( n - c ) /2  exceeds  
K, th e  number o f  p a ra m e te rs  to  be  e s t i m a te d .
S tep  4 . L e t  S. and S2 d en o te  th e  v a r i a n c e  o f  th e  f i r s t  and
second  r e g r e s s i o n s ,  r e s p e c t i v e l y .  Then th e  s t a t i s t i c  
R = S2/ S 1 w i l l ,  u n d e r  th e  a ssu m p tio n  o f  h o m o sc e d a s t i -  
c i t y ,  have  th e  F d i s t r i b u t i o n  w i th
{ ( n - c - 2 K ) /2 ;  (n - c -2 K ) /2 )  
d e g re e s  o f  freedom . Under th e  a l t e r n a t i v e  h y p o th e s i s  
R w i l l  te n d  to  be  l a r g e . 1^4
F o llo w in g  th e  above t e s t  p r o c e d u r e s ,  th e  o b s e r v a t io n s  c o n ta in e d  
i n  th e  d a ta  s e t  were o rd e re d  a c c o rd in g  to  th e  v a lu e s  o f  th e  in d e p en d e n t
v a r i a b l e  POP72, and th e n  s u b d iv id e d  i n t o  t h r e e  g ro u p s .  N ex t,  s e p a r a t e
r e g r e s s i o n  f u n c t io n s  were f i t t e d  to  th e  f i r s t  and t h i r d  group o f  o b s e r ­
v a t i o n s  by t h e  method o f  L e a s t - S q u a r e s . The t e s t  and r e l a t e d  d e c i s io n  
r u l e s  w ere  th e n  s e t  a s  f o l lo w s :
H0 • = ^2
HA: °1 *  a 2
C r i t e r i o n :
1  U  4 <£ T,
t ( a / 2 ; d f . )  r c ,  d f .  t ( l - a / 2 ; d f . )Conclude H i f  Fw  _ , n  , ,  N < F „„ < F
S. M. G o ld f i e ld  and R. E. Q uandt, "Some T e s t  f o r  H o m o sced as t i-  
c i t y , "  J o u r n a l  o f  t h e  American S t a t i s t i c a l  A s s o c i a t i o n , V o l. 60 (1 9 6 5 ) ,  
593 -47 ; O th e r  t e s t  p ro c e d u re s  a r e  a l s o  a v a i l a b l e  i n  J .  J o h n s to n ,  Econo­
m e t r i c  M ethods. PP. 214-21 .
* ^ J .  J o h n s to n ,  E co n o m etr ic  M ethods. P .  219.
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O th e rw ise ,  co n c lu d e  H^; 
where d f  = { (n -c -2 K ) / 2 ;  (n -c -2 K ) /2 )}  d e g re e s  o f  freedom , 
a  = 0.10  
F* = S2/ S 1 , and
Ft ( l  c t /2 )= t îe p e r c e n t i l e  o f  th e  a p p r o p r i a t e  F d i s t r i b u t i o n .
Based on th e  r e s u l t s  o f  th e  r e g r e s s i o n  a n a l y s i s ,  i t  was found t h a t ,
. Ft ( 0 . 0 5 ;  266, 266) = ° - 919>
Fc = S2 /S J  = 1 6 .1 0 ,  and
Ft (0 .9 5 ;  266, 266) = 1 A 1 ‘
S in ce  16.10 > 1 .1 1 ,  i t  was c o n c lu d ed  t h a t  th e  v a r i a n c e s  a r e  n o t  e q u a l ,
and , c o n s e q u e n t ly ,  th e  a ssu m p tio n  o f  c o n s t a n t  e r r o r  v a r i a n c e  h a s  been
v i o l a t e d .
d) W eighted M u l t ip le  R e g re s s io n  
A n a ly s i s .
As a re m e d ia l  m easure  to  th e  p rob lem  o f  h e t e r o s c e d a s t i c i t y  a l l u d e d
to  above, th e  t h r e s h o l d  f u n c t io n  was r e f i t t e d  by th e  method o f  L e a s t -
Squares  w e ig h ted  m u l t i p l e  r e g r e s s i o n  a n a l y s i s ,  w i th  th e  w e ig h t  b e in g
145the  in v e r s e  o f  th e  v a r i a n c e .  T ab le  8 below  c o n ta i n s  th e  L e a s t -S q u a re s  
e s t i m a te s  o f  th e  m o d e l 's  p a ra m e te r s  and r e l a t e d  s t a t i s t i c s .  I n  compar­
i s o n  w i th  t a b l e  7, t a b l e  8 shows t h a t  th e  s t a n d a r d  d e v i a t i o n  o f  th e
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Once a g a in  th e  o b s e r v a t i o n s  c o n ta in e d  i n  th e  d a t a  s e t  were 
o rd e re d  a c c o rd in g  to  t h e  v a lu e  o f  th e  in d e p e n d e n t  v a r i a b l e  POP72, and 
th e n  a r r a n g e d  i n  t e n  e q u a l  g ro u p s .  S e p a r a te  r e g r e s s i o n s  w ere  th e n  
f i t t e d  to  each  group o f  o b s e r v a t i o n s ,  and th e  i n v e r s e  o f  th e  r e s u l t i n g  
v a r ia n c e  o f  each  r e g r e s s i o n  f u n c t io n  was u sed  a s  a  w e ig h t  f o r  t h e  
i n d i v i d u a l  o b s e r v a t io n s  c o n ta in e d  i n  t h a t  f u n c t i o n ' s  g ro u p .
Table 8
E s tim a te d  R eg ress io n  P a ra m e te rs  
and R e la te d  S t a t i s t i c s ,  
Model 4 .8 :  W eighted 
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d i s t r i b u t i o n  o f  th e  number o f  g a s o l in e  s e r v i c e  s t a t i o n s  g iv e n  th e  l e v e l s  
o f  th e  in d e p e n d e n t  v a r i a b l e s  was red u ced  from 18.30 to  0 .8 8  w i th  the  
r e s u l t i n g  c o e f f i c i e n t  o f  v a r i a t i o n  b e in g  reduced  from 32.6488% to  1.5707 
p e r c e n t .  The e s t i m a te d  w e ig h ted  r e g r e s s i o n  f u n c t io n ,  how ever, became 
a s  f o l lo w s :
STANUM = 4 .6586 +  0 .0011  POP72 -  0 .0586  AVSALES + 4 .0441 CAPITA.
  4 .1 0
When a l l  o f  th e  in d e p e n d e n t  v a r i a b l e s  i n  th e  model a r e  c o n s id e re d ,  the  
above f u n c t io n  a c c o u n ts  f o r  88.12  p e r c e n t  o f  th e  t o t a l  v a r i a t i o n  in  the  
number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  (R -sq u a re  = 0 .8 8 1 1 6 6 .)
The a p tn e s s  o f  th e  model to  th e  d a t a  was a g a in  examined by p l o t ­
t i n g  i t s  r e s i d u a l s  a g a i n s t  th e  e s t i m a te d  v a lu e s  o f  th e  dependen t v a r i ­
a b le  STANUM(hat) as  w e l l  a s  a g a i n s t  th e  v a lu e s  o f  each  o f  th e  independ­
e n t  v a r i a b l e s  AVSALES, POP72, and CAPITA. The r e s u l t i n g  p l o t s  a re  
c o n ta in e d  i n  f i g u r e s  14a, 14b, 14c, and 14d, r e s p e c t i v e l y .  I t  can be 
i n f e r r e d  from t h e r e  t h a t  th e  m o d e l 's  r e s i d u a l s  a r e  d i s t r i b u t e d  ev en ly  
w i t h i n  a  h o r i z o n t a l ,  n a rrow  band c e n t e r e d  around  z e r o ,  th u s  i n d i c a t i n g  
more s t r o n g l y  th a n  b e f o r e  th e  ab sen ce  o f  any s y s t e m a t i c  d e v ia t io n s  from 
th e  f i t t e d  p l a n e ,  and t h a t  th e  above l i n e a r  model was th e  r i g h t  model 
to  u s e .
N o rm a li ty  o f  E r r o r  Term s. F i n a l l y ,  i n  o r d e r  to  t e s t  th e  assum ption  
o f  n o rm a l ly  d i s t r i b u t e d  r e g r e s s i o n  e r r o r  te rm s ,  a  p l o t  o f  the  s t a n d a r d ­
i z e d  r e g r e s s i o n  r e s i d u a l s  a g a i n s t  th e  f i t t e d  v a lu e s  o f  th e  dependent 
v a r i a b l e  STANUM(hat) was o b ta in e d  as  d e p ic t e d  i n  f i g u r e  15 below .
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Figure 14
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A v i s u a l  i n s p e c t i o n  o f  f ig u r e /  15 r e v e a l s  t h a t  th e  d i s t r i b u t i o n  o f  
th e  s t a n d a r d i z e d  r e s i d u a l s  i s  a p p ro x im a te ly  sy m m e tr ic a l  w i th  few o b s e r -
F ig u re  15
P l o t  o f  S ta n d a rd iz e d  R e s id u a ls  
A g a in s t  th e  F i t t e d  V alues 
o f  STANUM
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Source : SAS P r i n t o u t .  STAMAI
v a t io n s  f a l l i n g  beyond t h r e e  s t a n d a r d  d e v i a t i o n s  a round  th e  r e s i d u a l s '  
mean v a lu e .  T h is  im p l i e s  t h a t  th e  a ssum ption  o f  n o rm a l ly  d i s t r i b u t e d  
e r r o r  te rm s  was n o t  s e r i o u s l y  v i o l a t e d ,  and t h a t  th e  l i n e a r  r e g r e s s i o n  
model w i th  norm al e r r o r  term s seems a p p r o p r i a t e .
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3. E m p ir ic a l  Cost A n a l y s i s .
In  th e  E m p ir ic a l  C ost A n a ly s is  subsys tem  d i s c u s s e d  in  c h a p te r  
two above, th e  optimum economic s i z e  o f  a g a s o l i n e  s e r v i c e  s t a t i o n  was 
d e f in e d  as  th e  l e v e l  o f  o u tp u t  a t  w hich th e  s t a t i o n ' s  av e rag e  t o t a l  
c o s t  i s  a t  a minimum. The o b j e c t i v e  o f  th e  p r e s e n t  s e c t i o n  i s  to  
a n a ly z e  a v a i l a b l e  d a ta  on g a s o l i n e  s e r v i c e  s t a t i o n s '  s a l e s  and o p e ra ­
t i n g  r a t i o s  i n  s e a rc h  o f  such an optimum.
The Data S e t .
Data on g a s o l i n e . s e r v i c e  s t a t i o n s '  s a l e s  and o p e r a t in g  r a t i o s  
were o b ta in e d  from th e  1978 Fac tbook  i s s u e  o f  th e  N a t io n a l  P e tro leu m  
News m agaz ine . The d a t a  s e t  c o n s i s t e d  o f  132 o b s e r v a t io n s  each  o f  
which p r o v id e s  i n f o r m a t io n  on th e  av e rag e  m onthly  s a l e s  and o p e r a t in g  
r a t i o s  o f  a l a r g e  sam ple o f  g a s o l in e ,  s e r v i c e  s t a t i o n s  o p e r a t i n g  i n  a 
g iv en  c i t y  i n  th e  U n ite d  S t a t e s .  The 1 3 2 -o b s e rv a t io n  d a ta  s e t ,  t h e r e ­
f o r e ,  r e p r e s e n t s  th e  m onth ly  s a l e s  and o p e r a t in g  r a t i o s  o f  t e n s  o f  
tho u san d s  o f  s e r v i c e  s t a t i o n s  a v e rag ed  o v e r  s e l e c t e d  c i t i e s  and s t a t e s .  
I t  i s  c o n ta in e d  i n  t a b l e  A2 o f  a p p en d ix  A.
A p l o t  o f  th e  m onth ly  av e rag e  t o t a l  c o s t  a g a i n s t  s t a t i o n s '  m onthly  
s a l e s  volumes i n  g a l l o n s  i s  c o n ta in e d  i n  f i g u r e  16 be low . The av e rag e  
t o t a l  c o s t  f i g u r e s  a p p e a r in g  i n  th e  t a b l e  were  computed a s  f o l lo w s :
ATC = M onthly T o ta l  C ost /  M onthly G a llo n  S a l e s ,
where
Monthly T o ta l  C ost = Cost o f  S a le s  + T o ta l  Expenses
T o ta l  Expenses = Expenses p e r  G a llo n  x Number o f  G a l lo n s ,  and
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C ost o f  S a le s  = Gross B r o f i t  p e r  G a llo n  x
q  j  ^Gross P r o f i t  as  a  -j _ j .  
P e rc e n ta g e  o f  S a le s
I t  can be i n f e r r e d  from th e  p l o t  i n  f i g u r e  16 t h a t  th e  u n d e r ly in g
r e l a t i o n s h i p  be tw een  th e  m onthly  av e rag e  t o t a l  c o s t  and m onthly  s t a t i o n
AVTCOST 
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P l o t  o f  Average T o t a l  Cost 
A g a in s t  Number o f  
G a l lo n s .
PLOT OP AVfC0ST«CALL0NS SYMBOL USE0 IS *
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S o u rce :  SAS P r i n t o u t ,  
s a l e s  i n  g a l lo n s  fo l lo w s  a  c u r v i l i n e a r  p a t t e r n  f o r  which th e  q u a d r a t i c  
model
AVTCOSTj  ̂ = 30 +  B1Gi  +  B2Gi + , where   4 .1 1
AVTCOST = Average m onth ly  t o t a l  c o s t  i n  d o l l a r s ,  and 
G^ = M onthly s a l e s  volume i n  g a l l o n s ,
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seems an a p p r o p r i a t e  a p p ro x im a t io n .
Based on th e  above a s su m p tio n ,  model 4 .11  was f i t t e d  to  th e  d a ta  
on hand , and i t s  p a ra m e te r s  w ere  e s t i m a te d  by th e  method o f  L e a s t  
Squares  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  The r e s u l t s  a r e  c o n ta in e d  i n  
t a b l e  9 below . From t h e r e ,  th e  a v e rag e  t o t a l  c o s t  f u n c t io n  can be 
e x p re s s e d  a s  f o l l o w s :
AVTCOST = 1 .1289 -  1 .8102 G + 2 .1290 G2 ,   4 .1 2
where th e  in d e p e n d e n t  v a r i a b l e  G i s  e x p re s s e d  i n  100,000 g a l lo n s  o f
, . 147g a s o l i n e .
As shown i n  t a b l e  9 be lo w , th e  e s t i m a te d  av e rag e  t o t a l  c o s t  
f u n c t io n  a c c o u n ts  f o r  a s m a l l  p e r c e n ta g e  o f  th e  t o t a l  v a r i a t i o n  in  
th e  d a ta  (R -sq u a re  = 0 .2 7 1 3 . )  I t s  p a r a m e te r s ,  how ever, a r e  s i g n i f i ­
c a n t l y  d i f f e r e n t  from z e ro  a t  b e t t e r  th a n  th e  0.001  l e v e l  o f  s i g n i f i ­
cance  .
N o tw i th s ta n d in g ,  a  p l o t  o f  r e s i d u a l s  a g a i n s t  th e  l e v e l s  o f  th e  
e x p la n a to ry  v a r i a b l e  G r e v e a le d  a  s y s t e m a t i c ,  though weak, r e l a t i o n ­
s h ip  betw een th e  r e s i d u a l s '  v a r i a n c e  and th e  l e v e l s  o f  G. The r e s i d u a l s  
were more d i s p e r s e d  th e  lo w er th e  l e v e l  o f  G. T h is  im p l i e s  t h a t  th e
* ^ S u c h  a  c o n c lu s io n  i s  b a se d  on th e  a ssu m p tio n  t h a t  m is s in g  
o b s e r v a t io n s  on g a s o l i n e  s e r v i c e  s t a t i o n s  w i th  m onth ly  s a l e s  volume 
betw een 56 ,000  and 64 ,0 0 0  g a l lo n s  would f i l l  th e  e x i s t i n g  gap i n  th e  
u n d e r ly in g  f u n c t i o n a l  r e l a t i o n s h i p  h y p o th e s i z e d  by model 4 .1 1  above.
In  a d d i t i o n ,  a  p r e l i m i n a r y  a n a l y s i s  u s in g  a n e g a t i v e l y  s lo p p e d  r e g r e s ­
s io n  l i n e  r e s u l t e d  i n  a  p o o r e r  f i t  th a n  o th e r w is e  o b ta in e d  u s in g  th e  
above model.
147This  was done m a in ly  to  in d u c e  th e  com puter to  p r i n t  th e  
c o e f f i c i e n t s  o f  th e  e x p la n a to r y  v a r i a b l e  G.
Table  9
The m o d e l 's  E s t im a te d  P a ra m e te rs  
and R e la te d  S t a t i s t i c s
GENERAL LINEAR MODELS PRQCFOURE
DEPENDENT VARIABLE: AVTCOST
SOURCE DF SUM OF SOUARES MEAN SQUARE F VALUE PR > F R-SOUARE C.V.
NODE I 2 0.10628288 0.05314144 24.01 0.0001 0.271301 6.1076
ERROR 129 0.285*6931 0.00221294 STO DEV AVTCOST MEAN
CORRECTED TOTAL 131 0.391T5219 0. 0*70*190 0.770213*7




I 0.09396*62 5.57 0.0198 42.46 0.0001 11 0.10265528 46.39 0.09396*67 *2.*6 0.00010.0001
PARAMETER
T FOR H0> 
ESTIMATE PARAMETERS














S o u rce :  SAS p r i n t o u t .
T ab le  10
The M odel 's  E s t im a te d  P a ram e te rs
and R e la te d  S t a t i s t i c s :
Transform ed V a r ia b le s .
GENERAL LINEAR MODELS PROCEDURE.
DEPENDENT VARIABLE: AVTCl
SOURCE OF SUM OF SOUARES MFAN SQUARE F VALUE PR > F R-SOUARE C.V.
MODEL 2 0.03356206 0.01678103 23.43 0.0001 0.266*3* 3.0515
ERROR 129 0.09240566 0.00071632 STD DEV AVTCl MEAN
CORRECTED TOTAL 131 0.12596772 0 .02676*21 0.87707*18








0.03233162 45.14 0.07952387 41.22 0.0001o.nooi
PARAMETER
T FOR HO: 
ESTIMATE PARAMETERS














S o u rce :  SAS p r i n t o u t .
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d e v ia t io n s  around  th e  r e g r e s s i o n  l i n e  in c r e a s e  w i th  d e c re a se d  v a lu e s  
o f  th e  in d e p e n d e n t  v a r i a b l e  G.
In  o r d e r  to  e l i m i n a t e  such  an e f f e c t ,  a  v a r i a n c e  s t a b i l i z i n g  
t r a n s f o r m a t io n ;  nam ely , AVTCOST = (AVTCOST) , was used  and r e s u l t e d  
i n  th e  d i s t r i b u t i o n ' s  s t a n d a r d  d e v i a t i o n  b e in g  reduced  from O.0470 
to  0 .0267 w i th o u t  a f f e c t i n g  th e  s i g n i f i c a n c e  o f  th e  m o d e l 's  e s t im a te d  
p a ra m e te r s .  The e s t i m a te d  av e rag e  c o s t  f u n c t i o n ,  how ever, s t i l l  
a c c o u n ts  f o r  a  s m a l l  p e rc e n ta g e  o f  th e  v a r i a t i o n  p r e s e n t  i n  th e  d a ta  
( R -square  = 0 .2 6 6 4 .)  . The r e s u l t s  o f  th e  r e g r e s s i o n  a n a l y s i s  a r e  
c o n ta in e d  in  t a b l e  10 above . From t h e r e ,  th e  t r a n s fo rm e d  av e rag e  t o t a l  
c o s t  f u n c t io n  can be e x p re s s e d  a s  f o l lo w s :
(AVTCOST)^ = 1.0786 -  1.0159 G + 1.1934 G2 .   4 .1 3
A p l o t  o f  th e  r e s i d u a l s  a g a i n s t  th e  l e v e l s  o f  th e  in d e p en d e n t  
v a r i a b l e  G, a s  w e l l  a s  a g a i n s t ' t h e  e s t i m a te d  v a lu e s  o f  th e  dependen t 
v a r i a b l e  a r e  shown i n  f i g u r e s  17 and 18, r e s p e c t i v e l y .  There  a r e  no 
s u g g e s t io n s  i n  any o f  t h e s e  p l o t s  t h a t  s y s te m a t i c  d e v i a t i o n s  from th e  
f i t t e d  r e s p o n se  l i n e  e x i s t ,  w hich i n d i c a t e s  t h a t  th e  c h o ic e  o f  th e  
above model and th e  v a r i a n c e  s t a b i l i z i n g  t r a n s f o r m a t io n  w ere  ap p ro ­
p r i a t e .
F ig u re  19, on th e  o t h e r  h an d , c o n ta in s  a  p l o t  o f  th e  o b se rv ed  
and e s t i m a te d  v a lu e s  o f  th e  a v e ra g e  t o t a l  c o s t  f u n c t io n  a g a i n s t  th e  
l e v e l s  o f  th e  in d e p e n d e n t  v a r i a b l e  G. The p l o t  shows t h a t  th e  e s t i m a te d  
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P l o t  o f  R e s id u a ls  A g a in s t  G.
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S o u rce :  SAS p r i n t o u t .
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P lo t  o f  R e s id u a ls  A g a in s t  AVTCOST(hat)
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S o u rce :  SAS p r i n t o u t .
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en v e lo p  av e rag e  t o t a l  c o s t  cu rve  in-■ that i t  d e c r e a s e s  w i th  in c r e a s e d  
l e v e l s  o f  s t a t i o n  o u tp u t  u n t i l  i t  r e a c h e s  i t s  minimum p o i n t ,  th e n  i t  
i n c r e a s e s  a g a in .  In  a d d i t i o n ,  th e  p l o t  shows t h a t  th e  f u n c t io n  h as  
an a b s o lu t e  minimum which was found to  c o r re sp o n d  to  an optimum l e v e l
F ig u re  19 
P l o t  o f  E s t im a te d  and Observed 
AVTCOST A g a in s t  G.
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of s t a t i o n  o u tp u t  e q u a l in g  42 ,560  g a l lo n s  p e r  month. The l a t t e r  f i g u r e  
was computed by t a k in g  th e  f i r s t  d e r i v a t i v e  o f  th e  a v e ra g e  t o t a l  c o s t  
f u n c t io n  w h ith  r e s p e c t  to  th e  in d e p e n d e n t  v a r i a b l e  G, and s e t t i n g  th e  
r e s u l t s  e q u a l  to  z e r o .  Or,
= _ 1.0159 + (2 )1 .1 9 3 4  G = 0 ,  andd(G)
G*= 0 .42560  o r  42 ,560  g a l lo n s  p e r  m onth ..............  4 .14
164
I t  sh o u ld  be n o te d  h e re  t h a t  th e  second  d e r i v a t i v e  o f  th e  above
f u n c t io n  i s  p o s i t i v e ,  th u s  i n d i c a t i n g  th e  p re s e n c e  o f  an a b s o lu t e
«. r *  148 minimum a t  G .
The mean re s p o n se  v a lu e  o f  a v e rag e  t o t a l  c o s t  when th e  l e v e l  o f
&th e  in d e p e n d e n t  v a r i a b l e  i s  a t  G = 0 .4 2 5 6  i s
E (AVTCOST*5) = 1.0786 -  1.0159 (0 .4 2 5 6 )  + 1.1934 (0 .4 2 5 6 )2 , o r
E(AVTCOST^) = 0 .8624  , from which we have
AVTCOST = 0 .7437  d o l l a r s  p e r  g a l l o n .
A 90 p e r c e n t  c o n f id e n c e  i n t e r v a l  a round  th e  mean re s p o n s e  
v a lu e  o f  th e  av e rag e  t o t a l  c o s t  . f u n c t io n  was computed as fo l lo w s :  
(AVTCOST*5) -  t ( l - a / 2 ;  n -3 )  S(AVTCOST*5) < E(AVTC0ST*5)
< (AVTCOST*5) + t ( l -  a / 2 ;  n -3 )  S(AVTCOST*5) , where 
t (1— a  /  2; n -3 )  = t ( 0 . 9 5 ;  129) = 1 .6 4 5 , and S(AVTC0ST*5) = 0 .0 2 6 8 .
The r e s u l t i n g  90% c o n f id e n c e  i n t e r v a l  i s :
0 .6696  < E(AVTCOST) < 0 .8 2 1 7  
which im p l ie s  t h a t  th e  mean re s p o n se  v a lu e  o f  th e  av e rag e  t o t a l  c o s t  
f u n c t io n  when m onthly  s t a t i o n s '  s a l e s  volume i s  42 ,560  g a l l o n s ,  f a l l s  
w i th in  th e  range  from 0 .6696  to  0 .8217  d o l l a r s  p e r  g a l lo n  w i th  a con­
f id e n c e  c o e f f i c i e n t  o f  0 .9 0  .
T ab le  11a below  c o n ta i n s  th e  s a l e s  and o p e r a t in g  r a t i o s  o f  
s e l e c t e d  s e r v i c e  s t a t i o n s  w i th  a v e ra g e  m onth ly  s a l e s  volume a p p ro x i ­
m a te ly  e q u a l  to  th e  optimum s t a t i o n  o u tp u t  l e v e l  o f  42 ,560  g a l l o n s .
H O
HOS in ce  th e  above f u n c t io n  i s  c o n v e x , . th e  f i r s t  o r d e r  c o n d i t io n  
i s  b o th  n e c e s s a r y  and s u f f i c i e n t  f o r  an  a b s o lu t e  minimum to  e x i s t .
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Based on t h i s  i n f o r m a t io n ,  a  w e ig h ted  a v e ra g e  was computed f o r  t o t a l  
s a l e s  and o p e r a t i n g  r a t i o s  o f  th e  l i s t e d  s t a t i o n s .  The f i g u r e s  show 
t h a t ,  on th e  a v e ra g e ,  a  s e r v i c e  s t a t i o n  w i th  a  m onthly  s a l e s  volume o f  
42 ,552  g a l lo n s  would have a  t o t a l  s a l e s  r a t i o  o f  $160.83 f o r  ev e ry  
one thousand  g a l lo n s  o f  g a s o l i n e  s o l d ,  a  g ro s s  p r o f i t  o f  016 .12  p e r
T ab le  11
11a Average Sales and Operating Ratios

















































Weighted Average D2552 160.83 16.125 20.215 36.31 125.07
* Total Sales Ratio includes dollar sales 
batteries, accessories and parts, lube, 
per each 1000 gallons of gasoline sold.
of motor oils , t ires  and tubes, 
labor, and other items computed
l i b Monthly Income Statement 
Based on an Average Monthly 
Sales Volume of D2560 Gallons.
$
Sales 339D9.OO 












Source: Data set and author's computation.
g a l l o n ,  and would i n c u r  a  t o t a l  o f  $125 .07  i n  ex p en se s  f o r  e v e ry  one 
th o u san d  g a l lo n s  o f  g a s o l i n e  s o l d .
Using t h i s  in f o r m a t io n ,  a m onth ly  income s t a t e m e n t  f o r  an optimum 
a v e rag e  s t a i o n  s i z e  o f  42 ,560  g a l lo n s  p e r  month was c o n s t r u c t e d .  I t  i s
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c o n ta in e d  i n  t a b l e  l i b  above. There i t  i s  shown t h a t  a s e r v i c e  s t a t i o n  
w i th  such  a  g a l lo n a g e  would have  a t o t a l  o f  $ 3 3 ,949 .00  i n  t o t a l  s a l e s ,  
a  g ro s s  p r o f i t  o f  $ 7 ,6 1 9 .0 0 ,  and $ 2 ,2 9 6 .0 0  i n  n e t  p r o f i t .
I t  i s  w orthy  o f  n o te  t h a t  th e  above f i g u r e s  w ere  b a se d  on th e  
mean re s p o n s e  v a lu e  o f  th e  av e rag e  t o t a l  c o s t  f u n c t io n  when th e  l e v e l
t/ co f  th e  in d e p e n d e n t  v a r i a b l e  i s  a t  G = 42 ,560  g a l lo n s  p e r  month.
B e s id e s ,  a s  f i g u r e  19 i m p l i e s ,  th e  e s t i m a te d  f u n c t io n  i s  r e l a t i v e l y
i n s e n s i t i v e  to  th e  changes i n  th e  l e v e l  o f  s t a t i o n  o u tp u t  i n  th e
range  o f  40 ,000  to  44,Q00 g a l lo n s  p e r  month. T h e r e f o r e ,  i t  would be
a p p r o p r i a t e  to  c o n c lu d e  t h a t  th e  optimum s e r v i c e  s t a t i o n  s i z e  l i e s  
w i t h i n  th e  range  o f  40 ,000  to  44 ,000  g a l lo n s  p e r  month w i th  an e s t im a te d  
m onthly volume o f  42 ,560  g a l l o n s .
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4 . The Market Response F u n c t io n .
In  c h a p te r  two above i t  was h y p o th e s iz e d ,  b a se d  on a  l i t e r a t u r e
rev iew  o f  c o m p e t i t io n  i n  th e  g a s o l i n e  r e t a i l i n g  i n d u s t r y  a s  w e l l  as
on a number o f  s im p l i f y i n g  a s su m p t io n s ,  t h a t  th e  m ark e t  re sp o n se
f u n c t io n  o f  a g a s o l i n e  r e t a i l i n g  f i r m  can b e s t  be  r e p r e s e n t e d  by th e
fo l lo w in g  l o g i s t i c  model
ex p (  e 0 +  B j o s ^  + e20Ml t  + b3ms1 j )
MS. = ..................................................................................................   4 .1 5
1 +  ex p (  B„ + B jO S ^  +  B2OMu  +
where
M S^= th e  f i r m 's  c u r r e n t  m arke t s h a r e  i n  a r e a  i  and p e r io d  t ,
0 3 ^ =  th e  f i r m 's  c u r r e n t  o u t l e t  s h a r e  i n  a r e a  i  and p e r io d  t ,
OM-y. = th e  c u r r e n t  mix o f  o u t l e t s  ( i . e .  th e  p e rc e n ta g e  o f  t o t a l  
g a s o l i n e  r e t a i l  o u t l e t s  managed by  in d e p e n d e n t  f i rm s )  i n  
m arket a r e a  i  and p e r io d  t ,  w hich r e f l e c t s  th e  l e v e l  o f  
c o m p e t i t io n  i n  t h a t  a r e a ,
MS  ̂ th e  f i r m 's  p re v io u s  m arket s h a r e  i n  a r e a  i ,  and
30 to  = a r e  p a ra m e te rs  to  be  e s t i m a te d .
I t  was a l s o  shown t h e r e  t h a t  model 4 .15  above can  e a s i l y  be 
l i n e a r i z e d  by way o f  a  l o g i s t i c  t r a n s f o r m a t io n  o f  i t s  v a r i a b l e s  w i th  
th e  r e s u l t i n g  l i n e a r  model b e in g  a s  f o l lo w s :
MSjt
I n  ------------ = $q +  3 10Si t  + 32OMl t  +  33MSi j t _ 1 .........................4 .1 5 a
1 " ^ i t
w here a l l  v a r i a b l e s  a r e  a s  p r e v io u s ly  d e f in e d ,  and ' I n '  i s  th e  n a t u r a l  
lo g a r i th m  to  th e  b a se  e = 2 .71828 .
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The D ata S e t .
In  o r d e r  to  f i t  model 4 .1 5 a  above, o b s e r v a t io n s  on th e  t o t a l  
number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  and th e  number o f  o u t l e t s  o p e ra te d  
by v a r io u s  in d e p e n d e n t  p e t ro le u m  f i rm s  i n  m ajo r  m e t r o p o l i t a n  m arket 
a r e a s  i n  a l l  o f  th e  50 s t a t e s  as  w e l l  a s  i n  th e  W ashington D. C. m arket 
a r e a  were o b ta in e d  from th e  d a t a  p u b l i s h e d  i n  th e  June 1978 i s s u e  o f  
th e  N a t io n a l  P e tro le u m  News m agazine . S i m i l a r l y ,  th e  number o f  g aso ­
l i n e  r e t a i l  o u t l e t s  o p e r a t i n g  i n  each  m arket a r e a  and th e  r e s p e c t i v e
m arket s h a re  f i g u r e s  o f  a  m ajo r  o i l  company f o r  th e  c o n s e c u t iv e  y e a r s
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1976 and 1977 were a l s o  o b ta in e d  from th e  same s o u rc e  above.
Based on t h i s  i n f o r m a t io n ,  th e  o u t l e t  mix (OM) and th e  f i r m 's  
o u t l e t  s h a re  (OS) f i g u r e s  f o r  v a r io u s  a r e a s  where i t  m arke ts  i t s  
p ro d u c ts  were com puted. A f t e r  e x c lu d in g  o b s e r v a t io n s  w i th  m is s in g  
v a lu e s ,  th e  r e s u l t i n g  d a ta  s e t  c o n s i s t e d  o f  42 o b s e r v a t i o n s .  They a re  
c o n ta in e d  in  t a b l e  12 be low . T ab le  13 , on th e  o t h e r  h and , c o n ta i n s  th e  
d a ta  c o r r e l a t i o n  m a t r ix  and r e l a t e d  d e s c r i p t i v e  s t a t i s t i c s .  From t h e r e ,  
i t  a p p ea rs  t h a t  a l l  in d e p e n d e n t  v a r i a b l e s  a r e  s i g n i f i c a n t l y  c o r r e l a t e d  
w i th  th e  dependen t v a r i a b l e  MS. However, th e  in d e p e n d e n t  v a r i a b l e  
MSi t _ j ,  MSLAST i n  th e  t a b l e ,  seems to  be s i g n i f i c a n t l y  c o r r e l a t e d  w i th  
o th e r  in d e p e n d e n t  v a r i a b l e s ;  nam ely , o u t l e t  s h a r e  (OS) and o u t l e t  mix 
(OM). T h is ,  o f  c o u r s e ,  c o n s t i t u t e s  an obv io u s  v i o l a t i o n  o f  th e  assump-
* ^ D a t a  on m arke t and o u t l e t  s h a r e s  w ere  th o s e  o f  M obil O i l  Corpo­
r a t i o n .  The c h o ic e  o f  th e  l a t t e r  company f o r  th e  p u rp o se  o f  th e  p r e s e n t  
a n a l y s i s  was a r b i t r a r y .  S i m i l a r  i n f o r m a t io n  a r e  a v a i l a b l e  f o r  a  number 
o f  o t h e r  U. S . o i l  co m pan ies ,  how ever.
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t i o n  o f  independence  among th e  in d e p en d e n t  v a r i a b l e s  which u n d e r l i e s  
th e  l i n e a r  r e g r e s s i o n  model. Such a v i o l a t i o n  may r e s u l t  i n  th e  r e g r e s -
Table  12
The Data S e t  f o r MRF
OBS STATE OUTLETS tNOPNDNT OUTS MS os OM MSL
1 AR1Z 1A3A 337 102 0.0470 0.088233 0.183331 0.0433
2 CAL. 14920 1242 1947 0.0790 0.130490 0.083244 0.0789
3 COLO 2B31 320 148 0.0302 0.031912 0.112241 0.0373
4 CONN 2180 ISO 483 0.1311 0.222477 0.008807 0.1338
S DEL* 434 94 04 0.0333 0.147403 0.210390 O.OS22
A EL A. 71AA 1077 303 0.0420 0.030030 0.130293 0.0460
7 CA. 3243 1407 III 0.0141 0.021171 0.208330 0.0130
A 10 AN 929 108 42 0.0012 0.043210 0.110234 0.0634
9 ILL. 7934 1417 740 0.0440 0.093033 0.178149 0.0470
10 IND. 4837 720 203 0.0233 0.038200 0.149473 0.0204
11 1VOA 34A3 1142 334 0.0430 0.090392 0.329382 0.0431
12 KAN. 2811 1033 230 0.0423 0.001821 0.308190 0.0433
13 LA. 3030 390 443 0.0301 0.144901 0.129381 0.0419
14 MAIN 933 10 230 0.0807 ' 0.202329 0.010789 0.0870
IS NASS 3000 43 738 0.1390 0.207104 0.011749 0.1339
IA NICH 0948 1030 1019 0.0937 0.140001 0.237478 0.0802
17 NINN 3372 70S 333 0.0307 0.134813 0.214100 0.04 99
IB NO. 4892 1034 340 0.0480 0. 110384 0.213434 0.0408
19 NO NT 927 290 32 0.0303 0.0S009S 0.319310 0.0373
20 N.C. 3411 008 410 0.0337 0.070080 0.123432 0.0311
21 N.O. 70S 231 138 0.0733 0.224113 0.336028 0.0831
22 N.H. 091 23 103 0.1009 0.233349 0.033237 0. II19
23 N.J. 4493 294 340 0.0084 0.121908 0.063433 0.0390
24 N.M. 1420 404 OS 0.0283 0.043SB2 0.203310 0.0319
25 N.V. 8049 1214 2230 0.1000 0.232084 0.137191 0.1081
2A NEB. 1704 420 277 0.0701 0.137029 0.241497 0.0829
27 NEV. 022 33 31 0.0290 0.049839 0.033033 0.0329
20 OHIO 9132 1071 332 0.0218 0.038340 0.182983 0.0230
29 okla 3233 819 243 0.0297 0.073734 0.233168 0.0400
30 ORE. 2203 118 ' 320 0.0841 0.143230 0.033303 0.0880
31 PA. 8708 1300 1213 0.0002 0.138344 0.178832 0.0710
32 R. 1. 702 39 99 0.0934 0.141020 0.084040 0.1016
33 S.C. 2898 ‘ 049 100 0.0110 0.034307 0.223948 0.0123
34 TENN 4017 071 309 0.0479 0.120711 0.107040 0.0401
33 TEXA 13333 3403 1937 0.0043 0.143237 0.261192 0.0683
3A UTAH 1172 49 38 0.0329 0.032423 0.041809 0.0311
37 VA. 3021 739 232 0.0247 0.004071 0.209011 0.0242
38 VT. 404 10 120 0.1403 0.238021 0.021332 0.1443
39 V. VA 1080 313 S3 0.0134 0.032738 0.186310 0.0122
40 MASH 3073 309 379 0.0737 0.123332 0.100333 0.0734
41 RISC 4037 843 707 0.0710 0.173130 0.209314 0.0730
42 MVO. 001 31 00 0.0327 0.099834 0.084839 0.0409
Source : Adapted from N a t io n a l  P e tro leu m  News, Factbook  i s s u e  
( Ju n e ,  1978), and a u t h o r ' s  c o m p u ta t io n .
s io n  c o e f f i c i e n t  o f  any in d e p e n d e n t  v a r i a b l e  b e in g  d ep en d en t on w hich 
o f  th e  o th e r  in d e p e n d e n t  v a r i a b l e s  a r e  in c lu d e d  i n  th e  m odel. B e s id e s ,  
th e  e s t im a te d  r e g r e s s i o n  c o e f f i c i e n t s  may tu r n  o u t  to  be i n d i v i d u a l l y
Table  13 
The Data C o r r e l a t i o n  M atr ix
VARIABLE N MEAN STO DEV SUM MINIMUM MAXIMUM
MS 42 0*05990952 0.03706188 2*51620000 0*01160000 0*16660000
OS 42 0*11820623 0.06856447 4*96466165 0*02117109 0*26232949
OM 42 0*16479168 0*09549616 6*92125056 0*01174663 0*36619637
MSL 42 0*06130000 0*03674168 2*57460000 0*01220000 0*16810000
CORRELATION COEFFICIENTS ✓ PROB • R UNDER HOORHO-O / N * 42
•
MS OS OM MSL







































S ource : D ata S e t  and SAS p r i n t o u t .
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s t a t i s t i c a l l y  n o n s i g n i f i c a n t  even though a  d e f i n i t e  s t a t i s t i c a l  r e l a t i o n  
e x i s t s  betw een th e  d ependen t v a r i a b l e  and th e  s e t  o f  in d e p en d e n t  v a r i ­
a b l e s  .
A number o f  r e m e d ia l  m easures  h a v e-b een  s u g g e s te d  i n  th e  l i t e r ­
a t u r e  f o r  d e a l in g  w i th  th e  d i f f i c u l t i e s  caused  by th e  problem  o f  m u l t i -  
c o l l i n e a r i t y ,  o f  w hich a r e  th e  f o l lo w in g :
1 . to  drop one o r  more in d e p e n d e n t  v a r i a b l e s ,
2 . to  r e p a r a m e t r i z e  th e  model so a s  to  improve c o m p u ta t io n a l  
a c c u ra c y ,  and
3. to  p e r fo rm  a tw o -s ta g e  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  w here , 
d u r in g  t h e  f i r s t  s t a g e ,  some f a c t o r s  on which th e  in d e ­
p en d en t v a r i a b l e s  a r e  h ig h ly  lo a d e d  a re  e x t r a c t e d  by th e  
method o f  p r i n c i p a l  component a n a l y s i s .  N ext, o r d in a r y  
l e a s t  s q u a r e s  r e g r e s s i o n  a n a l y s i s  i s  pe rfo rm ed  on th e  
f a c t o r  s c o r e s  o b ta in e d  i n  th e  f i r s t  s t a g e .
For th e  p u rp o se  o f  th e  p r e s e n t  a n a l y s i s ,  how ever, th e  f i r s t  o f  
th e  above a l t e r n a t i v e  p r o p o s a l s  was s e l e c t e d .  F i r s t ,  b e c a u s e  o f  i t s  
s i m p l i c i t y  and , s e c o n d ,  b eca u se  no s c a l e  d i f f e r e n c e s  e x i s t e d  among th e  
l e v e l s  o f  th e  in d e p e n d e n t  v a r i a b l e s  to  w a r r a n t  a  r e p a r a m e t r i z a t i o n  o f  
th e  model. F i n a l l y ,  th e  t h i r d  a l t e r n a t i v e  would r e n d e r  th e  m ode l’ s 
e s t im a te d  p a ra m e te rs  d i f f i c u l t  i f  n o t  im p o s s ib le  to  i n t e r p r e t .  T here­
f o r e ,  upon exam in ing  th e  c o r r e l a t i o n  c o e f f i c i e n t s  c o n ta in e d  i n  t a b l e  13 
above , i t  was d e c id e d  to  drop  th e  in d e p e n d e n t  v a r i a b l e  MSt _ j  (MSL in  
th e  t a b l e )  s i n c e  i t  was th e  o n ly  v a r i a b l e  t h a t  was h ig h ly  s i g n i f i c a n t l y  
c o r r e l a t e d  w i th  o t h e r  two in d e p e n d e n t  v a r i a b l e s .
I t  sh o u ld  be  m en tioned  h e r e ,  how ever, t h a t  e l i m i n a t i n g  th e  in d e ­
p e n d en t  v a r i a b l e  M S w o u l d  r e s u l t  i n  l o s s  o f  i n f o r m a t io n  r e g a r d in g
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i t s  e f f e c t  on th e  f i r m 's  c u r r e n t  s h a r e  o f  th e  m a rk e t .  B e s id e s ,  th e  
m agn itudes  o f  th e  r e g r e s s i o n  c o e f f i c i e n t s  o f  th e  in d e p e n d e n t  v a r i a b l e s  
rem a in in g  i n  th e  model would g e n e r a l l y  be a f f e c t e d  by  th e  c o r r e l a t e d  
in d e p e n d e n t  v a r i a b l e  MS^  ̂ n o t  in c lu d e d  i n  th e  m odel.
a) F i t t i n g  th e  M arket Response
F u n c t io n .
Based on th e  above d i s c u s s i o n ,  th e  r e s u l t i n g  m arke t r e s p o n se  model 
became a s  f o l l o w s :
l n  7 ^ r ~ ‘  s o + Bi o s i t +  B20Mit>   4 - 15b
where a l l  v a r i a b l e s  a r e  a s  p r e v io u s ly  d e f in e d .
P r i o r  to  th e  f i t t i n g  o f  model 4 .1 5 b ,  th e  t r a n s fo rm e d  m arke t s h a r e s ,
v i z . ,  ln(MS^t / ( l  - MS^t ) ) , were p l o t t e d  a g a i n s t ' t h e  d ependen t v a r i a b l e  
0S^t . The r e s u l t s  a r e  shown in  f i g u r e  20 be lo w . From t h e r e ,  i t  a p p ea rs  
t h a t  a l i n e a r  r e s p o n s e  f u n c t io n  would f i t  th e  d a t a  w e l l .  T h e r e f o r e ,  i t  
was d e c id e d  to  p ro c e ed  w i th  th e  f i t t i n g  o f  th e  t r a n s fo rm e d  l o g i s t i c  
model a s  e x p re s s e d  above.
T ab le  14 be low , c o n ta i n s  th e  r e g r e s s i o n  p a ra m e te r s  o f  model 4 .15b  
o b ta in e d  by th e  method o f  w e ig h ted  l e a s t  s q u a r e s  m u l t i p l e  r e g r e s s i o n  
a n a l y s i s ,  w i th  th e  w e ig h ts  b e in g  computed a s  f o l l o w s :* " ^
W. = n MS. ( 1 - M S . ) ,  where i  i  i  '
* ^ F o r  a  p r e s e n t a t i o n  o f  th e  m a th e m a t ic a l  a rgum ents  l e a d i n g  to
th e  above fo rm u la  s e e  John N e te r  and W il l ia m  Wasserman, A p p lied  L in e a r  
S t a t i s t i c a l  M odels. PP. 330-331.
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i s  th e  w e ig h t  a s s ig n e d  to  th e  i t h  o b s e r v a t i o n ,  n i s  sample 




F ig u re  20 
P l o t  o f  LOGMS A g a in s t  
O u t l e t  Share
PLOT OP LOONltO* STPOOL USeO IS •
0.00 0.01 0.0« 0.06 0.00 0.10 O.lt 0.1* 0.16 0.10 0.*0 O.M O.T* 0.T6 O.tO
From t a b l e  14 b e lo w , th e  f i r m ’ s f i t t e d  m arke t re sp o n se  fu n c t io n  
can be  e x p re s s e d  as  f o l l o w s :
MS
In = -  3 .4595 + 6 .8641 OS- 1 . 1 1 9 7  OM.
1 -MS 
O r, a l t e r n a t i v e l y ,
MS =
e x p ( -  3 .4595 +  6 .8641  OS- 1 .1 1 9 7  OM )
1 + e x p (  -  3 .4595 +  6 .8641 OS- 1 .1 1 9 7  OM )
Table 14
The Model?s  E s t im a te d  P a ra m e te rs  
and R e la te d  S t a t i s t i c s :  
Model 4 .15b
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Source : D ata  S e t  and SAS p r i n t o u t .
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As shown i n  t a b l e  14 above, th e  r e g r e s s i o n  p a ra m e te rs  a r e  a l l  
s i g n i f i c a n t l y  d i f f e r e n t  from ze ro  a t  o r  b e t t e r  th an  th e  0 .0 3  l e v e l  o f  
s i g n i f i c a n c e .  B e s id e s ,  when a l l  o f  th e  in d e p en d e n t  v a r i a b l e s  a r e  con-
F ig u re  21 
P l o t  o f  LOGMS and MS(hat) 
A g a in s t  O u t l e t  S h a re .
PLOT OP L0CMS80S SVN8 0L USEO IS *
PLOT OP MSHAT*0S SVNBOL USEO IS P
LOOMS -1.2 ♦
• P P




P P P 
•  •  •
PP P P Pp p pit p p
• P •
PP P P
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P • •




0 . 0 0  0 . 0 2 0 .0* 0*06 0 . 0 8 0 *1 0 0*12 0*14 0 . 1 6 0 . 1 8 0 . 2 0 0 . 2 2 0.2* 0*26 0 . 2 8
s i d e r e d ,  th e  above f u n c t io n  a c c o u n ts  f o r  76 .08  p e r c e n t  o f  th e  t o t a l  
v a r i a t i o n  p r e s e n t  i n  th e  d a t a .  Such a  c o n c lu s io n  i s  f u r t h e r  s u p p o r te d  
by th e  p l o t  o f  th e  e s t i m a te d  and th e  o b se rv ed  v a lu e s  o f  th e  f u n c t io n  
a g a i n s t  th e  l e v e l s  o f  th e  in d e p e n d e n t  v a r i a b l e  OS c o n ta in e d  i n  f i g u r e  21 
above.
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In  a d d i t i o n ,  th e  p l o t  o f  r e s i d u a l s  a g a i n s t  th e  e s t im a te d  v a lu e s  
o f  th e  dependen t v a r i a b l e  M S (h a t) ,  a s  w e l l  a s  a g a i n s t  th e  l e v e l s  o f  th e  
e x p la n a to r y  v a r i a b l e s  OS and OM a re  shown i n  f i g u r e s  22 , 23 and 24 below .
F ig u re  22 
P l o t  o f  R e s id u a ls  A g a in s t  
O u t l e t  S h a re .
Ptor op Msnesiotos stmscl useo is •
MSAEfID 0*6 ♦





0 *00  0* 0 2  0*04  0 * 0 6  0* 0 4  0* 1 0  0*11  0*14  0*1 4  0 .1 4  0 .2 0  0 « 2 2  0«24  0* 2 4  0*24
OS
The f i g u r e s  show t h a t  no s i g n i f i c a n t  s y s te m a t i c  d e v ia t i o n  from th e  f i t t e d  
re s p o n se  p la n e  e x i s t ,  which im p l ie s  t h a t  th e  ch o ice  o f  th e  t r a n s fo rm e d  
l o g i s t i c  model was a p p r o p r i a t e .
F i n a l l y ,  i t  can  be  concluded  from th e  above f u n c t io n  t h a t  th e
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f i r m 's  av erag e  t ra n s fo rm e d  m arke t s h a r e  i s  e x p e c te d  to  i n c r e a s e  by a 
f a c t o r  o f  6 .8641  as  a  r e s u l t  o f  i n c r e a s i n g  i t s  o u t l e t  s h a r e  by one 
u n i t .  S i m i l a r l y ,  i t s  av e rag e  t r a n s fo rm e d  m arket s h a r e  i s  e x p e c te d  to  
d e c re a se  by a  f a c t o r  o f  1 .1197 as  a  r e s u l t  o f  a  one u n i t  i n c r e a s e  in  
th e  i n d u s t r y ' s  mix o f  o u t l e t s ,  C e t e r i  P a r i b u s .
5 .  Summary and C o n c lu s io n s .
In  th e  p r e s e n t  c h a p t e r ,  th e  m o d e l 's  b a s i c  f u n c t i o n a l  r e l a t i o n s h i p s  
o u t l i n e d  in  c h a p te r  two above were d ev e lo p ed  and a n a ly z e d .  In  s e c t i o n  
two, a f t e r  th e  i n t r o d u c t i o n ,  th e  t h r e s h o l d  f u n c t io n  was f i t t e d  to  d a ta  
on c i t i e s  l o c a t e d  i n  th e  s o u th e r n  r e g io n  o f  th e  U n ite d  S t a t e s  w i th  
p o p u la t io n s  o f  3 ,500  i n h a b i t a n t s  o r  m ore. The f u n c t io n  was found to  be 
l i n e a r  r a t h e r  th a n  e x p o n e n t i a l  as  h y p o th e s iz e d  i n  c h a p te r  two above.
N ex t,  i n  s e c t i o n  t h r e e  d a t a  on g a s o l i n e  s e r v i c e  s t a i o n s '  s a l e s  
and o p e r a t in g  r a t i o s  w ere  a n a ly z e d  f o r  a  l a r g e  sam ple o f  s e r v i c e  s t a ­
t i o n s  o p e r a t i n g  i n  v a r io u s  c i t i e s  i n  th e  U n ited  S t a t e s .  The a n a l y s i s  
s u g g e s te d  t h a t  a  g a s o l i n e  s e r v i c e  s t a t i o n  a v e r a g in g  a  t o t a l  o f  42 ,560 
g a l l o n s  p e r  month would have  th e  lo w e s t  a v e ra g e  t o t a l  c o s t .
F i n a l l y ,  i n  s e c t i o n  f o u r  a  s t a t i s t i c a l  a n a l y s i s  o f  a m a jo r  o i l  
com pany's m arke t re s p o n s e  f u n c t io n  was p r e s e n t e d .  The a n a l y s i s  showed 
th e  l o g i s t i c  model h y p o th e s iz e d  i n  c h a p te r  two above to  be  an a p p r o - - 
p r i a t e  a p p ro x im a tio n  t o  th e  u n d e r ly in g  r e l a t i o n s h i p  be tw een  th e  f i r m 's  
m arke t s h a r e  and i t s  s h a r e  o f  g a s o l i n e  r e t a i l  o u t l e t s .
I t  sh o u ld  be m en tioned  h e r e ,  how ever, t h a t  th e  f u n c t i o n a l  r e l a t i o n ­
s h ip s  d eve loped  h e r e i n  p ro v id e  v a lu a b l e  i n p u t s  to  th e  L o c a t io n - A l lo c a t io n  
and th e  I n t e g r a t i o n a l  s u b s y s te m 's  a n a l y t i c a l  p ro c e d u re s  c o n s id e r e d  below .
Chapter V
An I l l u s t r a t i v e  
A p p l i c a t io n  o f  th e  M odel 's  
B a s ic  P ro ce d u re s  and C om pu ta tiona l A lgorithm s
1. I n t r o d u c t i o n .
I n  th e  p re c e e d in g  c h a p t e r ,  c h a p te r  f o u r ,  th e  m o d e l 's  b a s i c  fu n c ­
t i o n a l  r e l a t i o n s h i p s  w ere  d e v e lo p e d .  I n  a d d i t i o n ,  th e  c h a p te r  p r e s e n te d  
a  p r e l im in a r y  e m p i r i c a l  c o s t  a n a l y s i s  aimed a t  d e te rm in in g  th e  optimum 
a v e ra g e  economic s i z e  o f  a g a s o l i n e  r e t a i l  o u t l e t .  The p r e s e n t  c h a p te r  
i n t e g r a t e s  th e  v a r io u s  f u n c t i o n a l  r e l a t i o n s h i p s  and a n a l y t i c a l  p ro ­
c e d u re s  dev e lo p ed  above so  as  to  p ro v id e  a com prehensive  u n d e r s ta n d in g  
o f  th e  m o d e l 's  b a s i c  p ro c e d u re s  and c o m p u ta t io n a l  t e c h n iq u e s .
Such an o b j e c t i v e  can b e s t  b e  a c h ie v e d  v i a  a f u l l - f l e d g e d  r e a l -  
l i f e  a p p l i c a t i o n  o f  t h e  m odel, p ro v id e d  t h a t  a  r e a s o n a b le  amount o f  
c o m p a n y -sp e c if ic  a s  w e l l  a s  m arket a r e a  r e l a t e d  in f o r m a t io n  a r e  a v a i l a b ­
l e .  However, i n  o r d e r  to  econom ize i n  tim e  and e f f o r t ,  i t  i s  f e l t  t h a t  
a  h y p o t h e t i c a l  c a s e  o f  a  m a jo r  g a s o l i n e  m a rk e t in g  f i r m  w ould , f o r  a l l  
p r a c t i c a l  p u rp o s e s ,  s e r v e  th e  p r e s e n t  o b j e c t i v e  as  w e l l .  N o tw ith ­
s t a n d i n g ,  th e  a n a l y s i s  i n  th e  p r e s e n t  c h a p te r  i s  co n d u c ted  on p u b l i s h e d  
d a t a ,  when a v a i l a b l e ,  and w i t h i n  th e  g u i d e l i n e s  s e t  f o r t h  by th e  m o d e l 's  
I n t e g r a t i o n a l  Subsystem  diagrammed i n  f i g u r e  6 above.
The h y p o t h e t i c a l  c a se  to  b e  c o n s id e r e d  h e r e i n  c o n ce rn s  a m a jo r  
g a s o l i n e  m a rk e t in g  f i r m  w hich d i s t r i b u t e s  i t s  p ro d u c ts  on a  n a t i o n a l  b a s i s  
th ro u g h  e i t h e r  f r a n c h i s e d  o r  company owned a n d /o r  o p e r a te d  g a s o l i n e  
r e t a i l  o u t l e t s .  The f i r m ,  i t  i s  assum ed, i s  i n  th e  p ro c e s s  o f  d e s ig n in g
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a m a jo r  g a s o l i n e  r e t a i l  o u t l e t  b u i l d i n g  p la n  to  be implem ented o v e r  th e
n e x t  p e r io d  o f  f i v e  y e a r s ,  and has  d e s ig n a te d  an amount o f  B̂ , d o l l a r s
o f  i t s  a v a i l a b l e  funds  f o r  t h i s  p u rp o se .  B e s id e s ,  to p  management f e e l s
t h a t  such  a  p la n  i s  p a r t  and p a r c e l  o f  th e  f i r m ’s lo n g  ran g e  p la n n in g
e f f o r t  and sh o u ld  c o n t r i b u t e  to  i t s  o v e r a l l  o b j e c t i v e  o f  m a in ta in in g
i t s  m arket s h a r e  i n  a l l  o f  i t s  m arket a r e a s .  In  a d d i t i o n ,  management
b e l i e v e s  t h a t  th e  L o g i s t i c  r e s p o n se  fu n c t io n * " ^
e x p ( -3 .4 5 9 5  + 6 .8641  0Si t  -  1 .1197 0Mi t )
MS —   . . . .  5 .1
1 + e x p ( -3 .4 5 9 5  + 6 .8641  0Si t  -  1.1197 OM^)
y = 0 .0 5 9 ,  and a  s ta n d a r d  d e v i a t i o n  a  =  0 .475  w here ,
th e  f i r m 's  m arke t s h a r e  i n  m arke t a r e a  i  and p e r io d  t ,
t h e  f i r m 's  s h a r e  o f  t o t a l  g a s o l i n e  r e t a i l  o u t l e t s  o p e r a t in g
i n  m arke t a r e a  i  and p e r io d  t ,  and
th e  mix o f  g a s o l i n e  r e t a i l  o u t l e t s  i n  a r e a  i  and p e r io d  t :  
a  measure o f  th e  l e v e l  o f  i n t e r - t y p e  c o m p e t i t io n  p r e v a i l i n g  
i n  t h a t  a r e a ,
p r o v id e s  a p p r o p r i a t e  p r e d i c t i o n s  o f  th e  f i r m 's  m arke t s h a r e  i n  a  g iv e n
m arke t a r e a  i ,  i = l , 2 , . . . ,  m; and p e r io d  t ,  t = l , 2 , . . . ,  T.
Based on th e  m o d e l 's  p ro c e d u re s ,  an optimum a l l o c a t i o n  p la n  o f  
th e  f i r m 's  g a s o l i n e  r e t a i l  o u t l e t  b u i l d i n g  r e s o u r c e s  a c r o s s  i t s  v a r io u s  
m ark e t  a r e a s  and o v e r  a  g iv e n  p la n n in g  h o r i z o n ,  i s  t h a t  which maximizes
Hie above f u n c t io n  was f i t t e d  by th e  method o f  w e ig h te d  m u l t i p l e  
r e g r e s s i o n  a n a l y s i s  i n  c h a p te r  f o u r  above. The in d e p en d e n t  v a r i a b l e  OM 
d e n o te s ,  t h e  mix o f  g a s o l i n e  r e t a i l  o u t l e t s  and ta k e s  on v a lu e s  e q u a l  to  
th e  r a t i o  o f  th e  number o f  g a s o l i n e  o u t l e t s  owned a n d /o r  o p e r a te d  by 
in d e p e n d e n t  o i l  companies t o  th e  t o t a l  number o f  g a s o l i n e  r e t a i l  o u t l e t s  
o p e r a t i n g  i n  a  g iv e n  m arke t a r e a .  F o llo w in g  a l i t e r a t u r e  rev iew  on com­
p e t i t i o n  i n  g a s o l i n e  r e t a i l i n g ,  i t  was h y p o th e s iz e d  t h a t  such  a  r a t i o  
would r e f l e c t  th e  l e v e l  o f  i n t e r - t y p e  c o m p e t i t io n  p r e v a i l i n g  i n  a  g iv en  
m arke t a r e a .
w i th  a  mean
MSi t =
° s i t =
0M±t=
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th e  n e t  p r e s e n t  v a lu e  o f  i t s  t o t a l  e a r n i n g s , w i th  th e  l a t t e r  b e in g  a
fu n c t io n  o f  t h e  e x p e c te d  re s p o n se  l e v e l s  o f  th e  v a r io u s  m arket a r e a s
to  th e  f i r m ’s o u t l e t  b u i l d i n g  s t r a t e g y .  The measurement o f  such  l e v e l s
i s  a c h ie v e d  v i a  th e  f i r m ’ s M arket Response F u n c tio n  which ta k e s  i n t o
c o n s i d e r a t i o n  a )  th e  f i r m ’ s s h a r e  o f  g a s o l in e  o u t l e t s  o p e r a t in g  i n  a
g iv en  m arket a r e a ,  b) th e  l e v e l  o f  i n t e r - t y p e  c o m p e t i t io n  p r e v a i l i n g
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i n  th e  a r e a ,  and c) t h e  m arke t a r e a ' s  r e t a i l  o u t l e t  s a t u r a t i o n  l e v e l .
Using th e  f i r m 's  MRF, i t s  t o t a l  s a l e s  revenues  i n  a g iv en  m arket 
a r e a  can be d e te rm in e d ,  g iv e n  th e  a r e a ' s  m arket p o t e n t i a l ,  th e  f i r m ’s 
sh a re  o f  r e t a i l  o u t l e t s ,  and th e  mix o f  o u t l e t s  o p e r a t i n g  i n  t h a t  a r e a .
A g r a p h ic a l  r e p r e s e n t a t i o n  o f  th e  f i r m 's  t o t a l  revenue  fu n c t io n  i s  
d e p ic te d  i n  f i g u r e  25 be low . The f i g u r e  i s  b ased  on th e  a ssum ption  t h a t  
th e  m arke t a r e a  c o n ta i n s  62 r e t a i l  o u t l e t s  and has  a m arket p o t e n t i a l  
o f  $ 7 ,9 8 7 ,0 0 0 .
As h y p o th e s iz e d  i n  c h a p te r  two above, th e  f i r m 's  Market Response 
f u n c t io n ,  and c o n s e q u e n t ly ,  i t s  t o t a l  revenue  fu n c t io n  ta k e  on an 
S-shaped  form g iv e n  t h e  l e v e l  o f  th e  in d ep en d e n t  v a r i a b l e  OM. A fam ily  
o f  such S -shaped  c u rv e s  can be  s p e c i f i e d  f o r  each  such  l e v e l .  For 
exam ple, t h r e e  TR c u rv e s  a r e  shown i n  f i g u r e  25 below which c o rre sp o n d  
to  th e  v a lu e  o f  OM b e in g  e q u a l  to  0 .0 9 3 ,  0 .2 5 ,  and 0 .5 0  p e r c e n t ,  r e s p e c ­
t i v e l y  .
152 Such an e f f e c t  i s  i m p l i c i t l y  in c lu d e d  i n  th e  f i r m 's  MRF i n  
te rm s o f  th e  i n d u s t r y ' s  a v e ra g e  s a l e s  p e r  g a s o l i n e  r e t a i l  o u t l e t .  See 
Appendix B, n o te  B 5-1 .
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A lso shown i n  f i g u r e  25 below a r e  th e  f i r m ’s a v e rag e  and m a rg in a l  
( in c re m e n ta l )  revenue  c u r v e s .  I t  can be i n f e r r e d  from th e  shape  o f  th e  
l a t t e r  t h a t  th e  s lo p e  o f  th e  t o t a l  revenue  f u n c t io n  i s  n o t  c o n s t a n t .
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Huaber o f  O u tle ts
I t s  v a lu e ,  how ever, depends on th e  l o c a t i o n  o f  th e  s t a r t i n g  p o i n t  on th e  
h o r i z o n t a l  a x i s .  The t o t a l ,  i n c r e m e n t a l ,  and a v e ra g e  rev en u e  cu rv es
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153have e x t e n s iv e ly  been  s t u d i e d  by e c o n o m is ts .  S u f f i c e  i t  to  say  h e r e ,  
how ever, i t  behooves th e  f i rm  to  a c q u i r e  a d d i t i o n a l  r e t a i l  o u t l e t s  a s  
lo n g  a s  th e  l e v e l  o f  i t s  in c re m e n ta l  revenue  cu rv e  i s  a t  o r  above t h a t  
o f  i t s  a v e rag e  t o t a l  revenue  c u rv e .  A c u t - o f f  p o i n t ,  how ever, may be 
de te rm in ed  a t  th e  p o i n t  where th e  f i r m 's  in c re m e n ta l  revenue  e q u a ls  
i t s  in c re m e n ta l  c o s t s .  T h is  d epends , o f  c o u r s e ,  on w h e th e r  th e  f i r m 's  
o b j e c t i v e  i s  to  maximize n e t  p r o f i t s  o r  t o t a l  s a l e s  r e v e n u e s .  For th e  
pu rpose  o f  s i m p l i c i t y ,  th e  l a t t e r  o b j e c t i v e  i s  assumed by th e  p r e s e n t  
a n a l y s i s .
A d d it io n  Vs. A c q u i s i t io n
o f  G a so l in e  R e t a i l  O u t l e t s .
I m p l i c i t  i n  th e  above d i s c u s s i o n  a r e  th e  a ssu m p tio n s  t h a t
a)  th e  t o t a l  number o f  g a s o l i n e  r e t a i l  o u t l e t s  o p e r a t i n g  in  
a  g iven  m arke t a r e a  i s  c o n s t a n t ,  and
b) th e  f i r m  i n c r e a s e s  i t s  s h a r e  o f  r e t a i l  o u t l e t s  by a c q u i r ­
in g  e x i s t i n g  o n e s .
This  may n o t  be  th e  c a s e ,  how ever, s i n c e  th e  number o f  o u t l e t s  
may i n c r e a s e ,  d e c r e a s e ,  o r  rem ain  unchanged o v e r  a  g iv e n  p e r io d  o f  
t im e ,  depending  on p r e s e n t  and f u t u r e  m arke t c o n d i t i o n s .  B e s id e s ,  th e  
f i r m  may p o s s i b l y  add to  th e  number o f  i t s  r e t a i l  o u t l e t s  by b u i l d i n g  
new ones r a t h e r  th a n  a c q u i r i n g  e x i s t i n g  o u t l e t s .  By so  d o in g ,  how ever, 
i t  i n c r e a s e s  th e  t o t a l  number o f  o u t l e t s  o p e r a t i n g  i n  th e  m ark e t  a r e a .
153 The cu rv e s  conform to  th e  c o n c lu s io n s  b a se d  on th e  economic 
Law o f  V a r ia b le  P r o p o r t i o n s .  See W il l ia m  J .B aum ol, Economic Theory 
and O p e ra t io n s  A n a l y s i s , 3 rd .  ed .(E ng lew ood  C l i f f s ,  New J e r s y :  P r e n t i c e -  
H a l l ,  I n c . ,  1972), C h ap te r  13; R ich a rd  G .L ipsey  and P e t e r  0 . S t e i n e r ,  
Econom ics, 2nd. ed.(New Y ork: H a rp e r  & Row, P u b l i s h e r s ,  1969), P P .293 -6 .
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I f  th e  m arket a r e a  was o r i g i n a l l y  u n s a t u r a t e d ,  th e n  th e  f i r m 's  i n c r e ­
m en ta l  a s  w e l l  as  i t s  av e rag e  t o t a l  rev en u es  would b e  a r t i f i c i a l l y  
h ig h ,  and m igh t in d u c e  th e  f i r m  to  in c r e a s e  i t s  in v e s tm e n t  i n  t h a t  a r e a .  
As th e  a r e a  becomes s a t u r a t e d ,  how ever, th e  f i r m 's  a v e rag e  revenue  p e r  
o u t l e t  d e c r e a s e s  to  a l e v e l  be low , e q u a l  t o ,  o r  above t h a t  o f  th e  
i n d u s t r y ' s  av e rag e  s a l e s  p e r  o u t l e t ,  depend ing  on th e  f i r m 's  i n i t i a l  
s h a re  o f  t o t a l  r e t a i l  o u t l e t s .  Such c o n d i t io n s  a r e  d e p ic t e d  i n  f i g u r e  
26 below which shows how th e  i n d u s t r y ' s  a v e rag e  t o t a l  revenue  as  w e l l  
as th e  f i r m 's  in c r e m e n ta l  and av e rag e  revenue  cu rv es  behave as  th e  
m arke t a r e a  te n d s  tow ard s a t u r a t i o n .  For exam ple, a t  p o in t  'A ' th e
f i rm  owns 10 o u t l e t s  o u t  o f  a  t o t a l  o f  29 o u t l e t s  o p e r a t i n g  i n  th e
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m arket a r e a ,  an o u t l e t  s h a r e  o f  0.345%. I t s  av e rag e  t o t a l  revenue  
a t  t h a t  p o i n t  i s  e q u a l  to  $ 1 8 5 ,3 5 0 . .  Should  th e  f i rm  d e c id e  n o t  to  
b u i l d  o r  a c q u i r e  a d d i t i o n a l  o u t l e t s ,  i t s  a v e rag e  t o t a l  rev en u e  would 
d rop  to  $138,350 a t  th e  p o i n t  w here th e  m ark e t  a r e a  becomes s a t u r a t e d .  
Such an e f f e c t  i s  d e p ic t e d  by th e  d o t t e d  cu rv e  A A '. S im i l a r  c a s e s  
a r e  shown a t  p o i n t s  B and C w i th  th e  r e s u l t i n g  av e rag e  t o t a l  revenue  
c u rv e s  b e in g  BB' and CC', r e s p e c t i v e l y .
Also shown i n  f i g u r e  26 below a r e  th e  f i r m 's  a s  w e l l  a s  th e  in d u s ­
t r y ' s  g ro s s  m arg in  and f i x e d  exp en ses  c u r v e s .  The g ro s s  m arg in  i s  e q u a l  
to  t o t a l  s a l e s  rev e n u es  l e s s  c o s t  o f  goods s o ld  and d i r e c t  o p e r a t i n g  
ex p en ses  such  a s  s u p p l i e s ,  wages and s a l a r i e s ,  and m a in ten an ce  and
154 I t  i s  assumed t h a t  a t  s a t u r a t i o n  l e v e l  t h e  a r e a  would  c o n ta in  
a  t o t a l  o f  62 r e t a i l  o u t l e t s .  I t s  m ark e t  p o t e n t i a l ,  how ever, i s  assumed 
to  be  e q u a l  to  $ 7 ,9 8 7 ,0 0 0 .  See t a b l e  A3 i n  a p p en d ix  A f o r  f u r t h e r  
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r e p a i r s .  F ixed  e x p e n s e s ,  on th e  o t h e r  h an d , in c lu d e  r e n t ,  u t i l i t i e s ,  
i n s u r a n c e ,  and d e p r e c i a t i o n .  The v e r t i c a l  d i f f e r e n c e  be tw een  th e  g ro ss  
m arg in  and th e  f i x e d  ex p en se s  cu rv es  i s  e q u a l  to  th e  s t a t i o n ' s  a v e rag e  
n e t  o p e r a t i n g  p r o f i t .  I t  i s  assumed h e r e  t h a t  a t  s a t u r a t i o n  l e v e l ,  
th e  m a rg in a l  s e r v i c e  s t a t i o n  would e a rn  norm al p r o f i t s .  The l a t t e r  i s  
d e f in e d  a s  t h e  l e v e l  o f  p r o f i t  below  w hich th e  s t a t i o n ' s  o p e r a t o r  may 
c o n s id e r  l i q u i d a t i n g  h i s  g a s o l i n e  m a rk e t in g  o p e r a t io n  and p u rsu e  an 
a l t e r n a t i v e  l i n e  o f  b u s i n e s s .
The c o n c lu s io n  im p l ie d  by th e  g ragh  c o n ta in e d  in  f i g u r e  26 above 
i s  tw o fo ld .  F i r s t ,  i t  behooves th e  f i r m  to  i n c r e a s e  i t s  r e p r e s e n t a ­
t i o n  in  u n s a t u r a t e d  m arke t a r e a s  l e s t  i t  i s  bound to  l o s e  i t s  c u r r e n t  
s h a r e  o f  th e  m arke t a s  th e  l a t t e r  te n d s  tow ard s a t u r a t i o n .  Second, on ly  
a t  a  h ig h e r  l e v e l  o f  o u t l e t  sh a re ,  and c o n se q u e n t ly  m arke t s h a r e ,  can 
th e  f i r m  o p e r a t e  a t  o r  above th e  l e v e l  o f  norm al o p e r a t in g  p r o f i t .
Th is  im p l i e s  t h a t  th e  f i r m  s h o u ld  n o t  e n t e r  a  g iv e n  m arke t a r e a  o n ly  to  
g a in  m inim al r e p r e s e n t a t i o n ,  u n le s s  i t  i n t e n d s  to  become a  m a jo r  gaso ­
l i n e  m a rk e te r  i n  t h a t  a r e a .  The a t t a in m e n t  o f  such  an o b j e c t i v e ,  
how ever, depends on th e  l e v e l  o f  m arke t a r e a  s a t u r a t i o n ,  and th e  f i r m 's  
e x p a n s io n  s t r a t e g y .  F o r  i n s t a n c e ,  i f  t h e  a r e a  w ere  n e a r  s a t u r a t e d ,  
and th e  f i r m ' s  e x p a n s io n  s t r a t e g y  c a l l e d  f o r  b u i l d i n g  new g a s o l i n e  
r e t a i l  o u t l e t s ,  th e n  t h e  m arke t a r e a  m igh t v e ry  w e l l  become o v e r ­
s a t u r a t e d  b e f o r e  th e  f i r m  had  any chance  o f  a c h ie v in g  a  s i g n i f i c a n t  
r e p r e s e n t a t i o n  i n  t h a t  a r e a .  I n  t h i s  r e s p e c t ,  how ever, an e x p a n s io n -  
b y - a c q u i s i t i o n  s t r a t e g y  m igh t have  b een  a  more e f f e c t i v e ,  y e t  expen­
s i v e  a l t e r n a t i v e  s t r a t e g y  f o r  a c h ie v in g  th e  f i r m 's  o b j e c t i v e .
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P lan  o f  D is c u s s i o n .
The p r e s e n t  c h a p te r  c o n s i s t s  o f  s i x  s e c t i o n s .  In  s e c t i o n  two 
a f t e r  t h e  i n t r o d u c t i o n ,  t h e  s a t u r a t i o n  in d e c e s  f o r  32 s e l e c t e d  m arket 
a r e a s  a r e  c o n s t r u c t e d  u s in g  th e  p o p u l a t i o n ' s  t h r e s h o l d  fu n c t io n  d e v e l ­
oped i n  c h a p te r  f o u r  above. The a n a l y s i s  i n  s e c t i o n  t h r e e  i s  b a se d  on 
th e  f i r m 's  M arket Response F u n c t io n  and aims a t  d e te rm in in g  th e  
e x p e c te d  number o f  t h e  f i r m 's  g a s o l i n e  r e t a i l  o u t l e t s ,  g iven  i t s  t a r g e t  
m arket s h a r e .  S e c t io n  f o u r  i n t e g r a t e s  th e  r e s u l t s  o b ta in e d  i n  s e c t i o n s  
two and t h r e e  v i a  m a th e m a t ic a l  programming te c h n iq u e s  so  as t o  d e s ig n  
a  p r e l i m i n a r y  a l l o c a t i o n  p la n  w hich maximizes th e  f i r m 's  d is c o u n te d  
e a r n i n g s ,  s u b j e c t  t o  i t s  b u d g e ta ry  c o n s t r a i n t s .  In  s e c t i o n  f i v e ,  an 
i l l u s t r a t i v e  a p p l i c a t i o n  o f  t h e  L o c a t io n - A l lo c a t io n  p ro c e d u re s  t o  a  
s e l e c t e d  m arket a r e a  i s  p r e s e n t e d .  The a n a l y s i s  i n  t h i s  s e c t i o n  aims 
a t  i s o l a t i n g  a  number o f  h ig h  p o t e n t i a l  subm arket a r e a s  f o r  l o c a t i n g  
f u t u r e  g a s o l in e  r e t a i l  o u t l e t s ;  F i n a l l y ,  s e c t i o n  s i x  s u g g e s ts  a  
m i c r o a n a l y t i c ,  c o s t - b e n e f i t  p ro c e d u re  f o r  e v a l u a t i n g  a l t e r n a t i v e  f e a s i ­
b l e  r e t a i l  o u t l e t  l o c a t i o n s .
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2. The C o n s t r u c t io n  o f  
S a t u r a t i o n  I n d e c e s .
In  o r d e r  to  conduct th e  p r e s e n t  a n a l y s i s ,  d a t a  on p o p u la t i o n ,
r e t a i l  t r a d e  s a l e s ,  and g a s o l i n e  s e r v i c e  s t a t i o n  s a l e s  f o r  32 s e l e c t e d
m arket a r e a s  and o v e r  a p e r io d  o f  f i v e  y e a r s  - f ro m  1973 to  1977- w ere
o b ta in e d  from th e  J a n u a ry ,  1973 -  1978 Spot T e le v i s io n  R a tes  and D ata 
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i s s u e s .  The d a ta  s e t  i s  c o n ta in e d  i n  t a b l e  15 be low .
Given t h i s  in f o r m a t io n ,  th e  p r e d i c t e d  number o f  g a s o l i n e  r e t a i l  
o u t l e t s  i n  each o f  th e  32 s e l e c t e d  m arket a r e a s  was computed u s in g  th e  
p o p u l a t i o n ' s  th r e s h o ld  f u n c t io n  developed  i n  c h a p te r  f o u r  above nam ely,
STANUM^ = 4 .6585  +  0 .0011  'POP72i£ -  0 .0586  AVSALES^
+ 4 .0441 CAPITA^   5 .2
w ith  a  mean y = 5 6 .0 0 ,  and a s ta n d a r d  d e v i a t i o n  o  =  0 .8 8 0 4 ,  
where
STANUM^= th e  ex p ec te d  mean v a lu e  o f • th e  number o f  g a s o l i n e
s e r v i c e  s t a t i o n s  i n  a g iv e n  m arke t a r e a  i  and p e r io d  t ,
P0P72;j]t;= e s t im a te d  p o p u la t io n  s i z e  o f  m arke t a r e a  i  i n  p e r io d  t ,
AVSALES^.= a v e ra g e  r e t a i l  s a l e s  p e r  s e r v i c e  s t a t i o n  i n  m arke t a r e a  
i  and p e r io d  t ,  and i s  e q u a l  to  STASALES-jt /STANUMj(t _ i )  ? 
where STASALES-y. i s  t o t a l  r e t a i l  s a l e s  o f  a l l  g a s o l i n e  ’ 
r e t a i l  o u t l e t s  l o c a t e d  i n  m ark e t  a r e a  i  i n  p e r io d  t ,  and 
STANlMj{t _ i )  i s  th e  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s  
o p e r a t i n g  i n  a r e a  i  a t  t h e  end o f  p e r io d  ( t - 1 ) .  S in c e  
c i t y  p o p u la t io n  s i z e  has  a c c o u n te d  f o r  a  l a r g e  p o r t i o n  
o f  th e  v a r i a t i o n  p r e s e n t  i n  t h e  d a ta  on s t a t i o n  p o p u la ­
t i o n ,  th e  a c t u a l  number o f  g a s o l i n e  s e r v i c e  s t a t i o n s
S ta n d a rd  R a tes  & D ata  S e r v ic e ,  I n c . , Spot T e l e v i s i o n  R a tes  and 
D a ta . I s s u e s  o f  J a n u a ry ,  1973, 1974, 1975, 1976, 1977, and 1978.
Table 15























































L itt le  Rock, Ark. 138.6 506,008 27,3*45 1*41.8 5*49,918 30,660 1*43.9 622,89*4 36,035 176.2






















Atlanta, Ga. *492.5 2,017,8*40 113,510 *479.8 2,267,061 126,501 *47*4.1 2,*411,521 1*41,176 *473.9 :
L o u isv ille , Ky. 350.9 1,035,6*42 55,3*42 3*46.7 1,195,320 63,1451 3*41.9 1,238,800 68,652 339.6 :






















Baltimore, Md. 899. *4 1,811,26*4 9*4,516 892.9 2,*403,99*4 96,075 870. *4 2,5*43,837 105,665 852.3  i
























































































K noxville, Tenn. 

























Corpus C h risti, Tx. 
D allas, Tx.



























67 , *4 *42
211,098






















































































Huntington, W.Va. 7*4.8 272,150 11,9*42 7*.. 6 .’99,216 13,022 7*4.5 329,127 1*4,876 7*4.5
S o u rce :  Adapted from Spot T e l e v i s i o n  R a tes  and D a ta . S ta n d a rd  R a te s  & D ata S e r v ic e ,  I n c . ,
1 8 9
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**7*4.1 2,1411,521 11*1,176 1*73.9 2,20*4,185 109,971 1*69.1* 2,319,213 11**, 919

















































































































































































































74.5 329,127 I** ,876 7*4.5 298,61*0 16,583 71*.5 3141,563 18,898
I R a te s  & D ata  S e r v i c e ,  I n c . ,  1974-1978.
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STANUM^ =
i n  a g iv e n  m arket a r e a  i  and p e r io d  t  was computed 
a s  f o l l o w s :
'MAX {STANUM. STANUM(hat). . i f  POP72 >P0P. ,i j t " l  i t  i ,  t - 1
_MIN {STANUMi^t - 1 ; S T A N U M C h a t)^ ^ } ,  o th e r w is e .
w here STANUM(hat) i s  th e  ex p ec te d  number o f  s t a t i o n s  
computed u s in g  ( 5 . 2 ) .  The a ssu m p tio n  h e r e  i s  t h a t  th e  
number o f  g a s o l i n e  r e t a i l  o u t l e t s  to  b e  added o r  d e l e t ­
ed i n  a  g iv e n  m arke t a r e a  depends on th e  i n d u s t r y ' s
e x p e c t a t i o n s  a s  to  f u t u r e  m arke t c o n d i t i o n s .  A more 
p r a c t i c a l  a p p ro a ch ,  how ever, i s  to  c o n s id e r  t h e  e x p e c t ­
ed p o p u la t io n  t r e n d  o v e r  t h e  e n t i r e  p la n n in g  h o r i z o n .
CAPITA^ = p e r c a p i t a  r e t a i l  s a l e s  i n  m arke t a r e a  i  and p e r io d  t .
I n  a d d i t i o n ,  a 90% c o n f id e n c e  i n t e r v a l  around  th e  mean re s p o n s e  v a lu e
o f  th e  number o f  g a s o l i n e  r e t a i l  o u t l e t s  was a l s o  computed.
N ex t,  by u s in g  th e  above r e s u l t s ,  an in d e x  o f  s a t u r a t i o n  f o r  each  
s e l e c t e d  m arke t a r e a  i ,  i = l , 2 , . . . ,  32; and p e r io d  t ,  t = l , 2 , . . . ,  5; was 
com puted. The r e s u l t s  a r e  c o n ta in e d  i n  th e  l a s t  f i v e  columns o f  t a b l e  
16 be low . The t a b l e  a l s o  c o n ta in s  th e  e s t i m a te d  and a c t u a l  numbers o f  
g a s o l i n e  r e t a i l  o u t l e t s  f o r  each o f  t h e  32 m arke t a r e a s  and o v e r  a 
p e r io d  o f  f i v e  y e a r s .  A g r a p h i c a l  r e p r e s e n t a t i o n  o f  th e s e  in d e x e s  i s  
shown i n  f i g u r e  27 be low . I t  sh o u ld  be n o te d  h e r e  t h a t  th e  v a lu e s  on 
th e  v e r t i c a l  ax es  a r e  d e v i a t i o n s  from u n i t y :  th e  v a lu e  a t  w hich a  g iv e n  
m arket a r e a  i s  c o n s id e r e d  s a t u r a t e d .  The v a lu e s  on th e  h o r i z o n t a l  
a x e s ,  how ever, r e p r e s e n t  t h e  tim e  d im en s io n .  S in c e  th e  p l o t t e d  v a lu e s  
a r e  o n ly  e s t i m a te s  o f  th e  a c t u a l  Vs. e x p e c te d  number o f  g a s o l i n e  r e t a i l  
o u t l e t s ,  a  10% c o n f id e n c e  band was c o n s t r u c t e d  a round  th e  s a t u r a t i o n  
v a lu e  o f  o n e .  As a  c o n seq u en ce ,  m a rk e ts  h a v in g  s a t u r a t i o n  v a lu e s  which 
f a l l  above o r  below  th e  c o n f id e n c e  band a r e  c o n s id e r e d  as  o v e r s a t u r a t e d
Table 16
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A c tu a l  and Computed T o ta l  Number o f  
O u t l e t s  in  32 S e le c t e d  M arket 
Areas and R e la te d  In d e c es
Estim ated Humber of  Gasoline S erv ice S ta tio n s
19761975 lffi_ Indeces of S atu ra tion
Market Areas Upper
P o in t
Lover




P o in t
Lover




P o in t
Lover




P o in t
Lover




P o in t
Lover
End o f  
L ast 
Year





















332 1.01 1.01 1.02 1.01




















230 0.92 1.00 0.99 0 .98




















209 1.08 1.06 1.05 0.87









































bo8 1.01 1.00 1 .00 0.99




















53b 0 .92 0.9b 0 .96 0.95




















305 0.77 0 .78 0.79 0.80




















230 0.99 0.99 0.99 0.90




















2b8 1.12 1.08 1.07 1.06




















8b3 0.85 0 . 8b 0 .87 0.89




















65 0 .79 0 .95 1.00 1.05


















2b l  
2b0
230 1 . 1b 1.12 1 .09 1.06




















3b9 1.12 0.95 0 .96 0 .99




















255 1.36 1.3b 1 .3 3 1.35




















b79 1.10 1 .09 1 .08 1.07




















b05 1 . 1b 1 .1 3 1.12 1 .01




















159 1 .07 1.05 1.05 0 .99




















97 0 .9 8 0 .9 7 1.00 0 .99
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T ab le  16 
( c o n t d . )
E stim ated  Number o f  G asoline S erv ice S ta tio n s
1973 1971* 1975 1976 1977 Indeces o f  S a tu ra tio n
Market Areas Upper
P o in t
Lower




P o in t
Lover




P o in t
Lower




P o in t
Lower




P o in t
Lower
End o f  
L ast 
Year
1973 19714 1975 1976 1977









2 l t  










2ll* l.l l* 1 .07 1.07 1.01 1.00




















512 1 .01 1.02 1.02 1.00 1.00
_:i . A m arillo , Tx.
l 6 l  


















251 1.56 1 .53 1.50 1.1*9 1.1*2




















153 1 .0 0 0.90 0 .99 0.97 0.95




















361 1 .03 1.00 0.97 0.96 0.96




















11*5 1.12 1 .01 0.99 0 .99 0 .99




















255 1.0*4 1.0*4 1.02 1.03 1.02




















1 ,001* 0 .86 0 .98 1.00 0.99 0 .99




















1*57 0 .9 7 0 .99 1.00 1.00 1.00




















1,51*9 1 .00 0.99 1.00 0 .9 1* 0 .97









































151* 0 .6 3 0.95 0.99 1.01 0 .97




















209 0 .7 2 0 .77 0.79 0.79 0 .8 1




















102 1 .21 1.02 0.99 1.03 1.02
S o u rce :  T ab le  15 and a u t h o r ' s  c o m p u ta t io n s .
.F ig u re  27


































o r  u n s a t u r a t e d ,  r e s p e c t i v e l y .
I t  can  be i n f e r r e d  from f i g u r e  27 above t h a t  th e  m a j o r i t y  o f  the  
m arke t a r e a s  tend  tow ard  s a t u r a t i o n  g iv e n  th e  p ro p e r  t im e .  In  a d d i t i o n ,  
few m arket a r e a s  can  be c o n s id e re d  s t r i c t l y  o v e r s a t u r a t e d  such  as  a r e a s  
number 14 and 21. L ik ew ise ,  few m arket a r e a s  a r e  s t r i c t l y  u n s a tu r a t e d  
such a s  a r e a s  number 07 , 10, and 31. At a g iv e n  p o in t  i n  t im e ,  how ever, 
a m arket a r e a  may be o v e r s a t u r a t e d ,  s a t u r a t e d ,  o r  u n s a t u r a t e d .  S in ce  
th e  a v e rag e  r e t a i l  s a l e s  p e r  s e r v i c e  s t a t i o n  i s  g e n e r a l l y  lo w er  i n  o v e r ­
s a t u r a t e d  a r e a s  th an  i n  s a t u r a t e d  o r  u n s a tu r a t e d  o n e s ,  such a c l a s s i f i ­
c a t i o n  o f  m arke t a r e a s  i n  term s -of t h e i r  s a t u r a t i o n  l e v e l s  p ro v id e s  
management w i th  a v a lu a b le  c r i t e r i o n  f o r  s e l e c t i n g  th o s e  a r e a s  where 
th e  f i r m 's  r e t a i l  o u t l e t s  may have h i g h e r  chances  o f  s u c c e s s .  T here­
f o r e ,  a s  i n d i c a t e d  i n  c h a p te r  2 above, an o v e r s a t u r a t e d  m arket a r e a  may 
be  c o n s id e re d  a c a n d id a te  f o r  r e t a i l  o u t l e t  d e l e t i o n ,  w h i le  an u n s a tu ­
r a t e d  a r e a  may be c o n s id e re d  a ' c a n d id a te  f o r  o u t l e t  a d d i t i o n .  N eed less  
to  s a y ,  such  c o n c lu s io n s  a r e  p r e l im in a r y  i n  n a t u r e ,  s i n c e  th e  d e c i s io n  
a s  to  which o f  th e  s e l e c t e d  m arket a r e a s  sh o u ld  the  f i r m 's  r e t a i l  o u t ­
l e t s  be added to  o r  d e l e t e d  from must be ba.sed on th e  a r e a ' s  r e l a t i v e  
re s p o n s e  l e v e l  to  th e  f i r m 's  r e t a i l  o u t l e t  b u i l d i n g  s t r a t e g y  a s  d e t e r ­
mined by i t s  Market Response F u n c t io n .
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3. The Expected  Number o f  th e  F i r m 's  
G aso lin e  R e t a i l  O u t l e t s .
In  t h i s  s e c t i o n ,  th e  f i r m 's  Market Response F u n c t io n ,  as e x p re s ­
sed  i n  5 .1  above, i s  used  to  d e te rm in e  th e  e x p e c te d  number o f  g a s o l i n e  
r e t a i l  o u t l e t s  which th e  f i rm  sh o u ld  have i n  each o f  th e  32 s e l e c t e d  
m arket a r e a s ,  g iv e n  i t s  t a r g e t  m arket s h a r e  and th e  mix o f  th e  r e t a i l  
o u t l e t s  o p e r a t in g  in  th e s e  a r e a s .  I t  i s  assumed h e r e ,  how ever, t h a t  
th e  f i g u r e s  c o n ta in e d  i n  columns 1 and 2 o f  t a b l e  17 below r e p r e s e n t  
th e  f i r m 's  m arket s h a r e  and th e  mix o f  r e t a i l  o u t l e t s  i n  th e  r e s p e c t i v e  
m arke t a r e a s .
Given t h i s  in fo r m a t io n  and th e  f i r m 's  MRF a s  e x p re s s e d  i n  (5 .1 )
above, th e  number o f  g a s o l i n e  r e t a i l  o u t l e t s  which th e  f i r m  sh o u ld  have
in  each  m arket a r e a  i ,  i = l , 2 , . . . ,  32; and p e r io d  t ,  t = l , 2 , . . . ,  5; was
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computed. The r e s u l t s  a r e  c o n ta in e d  i n  t a b l e  17 be low .
Three a ssu m p tio n s  u n d e r ly  th e  d a ta  i n  t a b l e  17 be low . They a r e :
1. The f i r m ' s  o b j e c t i v e  i s  to  m a in ta in  i t s  m arke t s h a r e  i n  a l l  o f  i t s  
m arket a r e a s  and o v e r  th e  e n t i r e  p e r io d  o f  th e  p la n .
.2. The f i r m 's  o u t l e t  s h a r e  i n  a g iv e n  m arke t a r e a  h a s  p r e v i o u s l y  b een
156 The m arke t s h a r e  and o u t l e t  mix f i g u r e s  used  i n  th e  co m p u ta t io n  
a r e  c o n s id e re d  a s  p o i n t  e s t i m a te s  o f  t h e i r  r e s p e c t i v e  mean re s p o n se  
v a l u e s .  For th e  p u rp o se  o f  th e  p r e s e n t  a n a l y s i s ,  how ever, th e  te rm s i n  
th e  f i r m 's  MRF were r e a r r a n g e d  so a s  to  e x p re s s  t h e  number o f  th e  f i r m ' s  
r e t a i l  o u t l e t s  i n  te rm s  o f  i t s  m arke t s h a r e  and th e  a r e a ' s  o u t l e t  m ix. 
The r e s u l t i n g  c o m p u ta t io n a l  fo rm u la  was as  f o l l o w s :
° i t = ^ / { b j C l n C M S f c / C l - M S f c ) )  -  b Q -  b 2OMi t ) } ,  w here a l l  
v a r i a b l e s  a r e  a s  p r e v io u s ly  d e f in e d .
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T able  17
V alues o f  MS, OM, and OS; and th e  E s t im a te d  and 
Computed Number o f  th e  F irm ’ s O u t l e t s  in  
32 S e le c t e d  Areas Over a 
P e r io d  o f  5 Y e a rs .
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• End Of L ast Year (EOLY.)
S o u rce :  A u th o r 's  c o m p u ta t io n s .
a d j u s t e d  so a s  to  r e f l e c t  c u r r e n t  m arke t c o n d i t i o n s .  T h is  im p l i e s  t h a t  
th e  e s t im a te d  number o f  th e  f i n n ' s  r e t a i l  o u t l e t s  i n  th e  i n i t i a l  p e r io d ,
- o  » i s  e q u a l  to  t h e  a c t u a l  number o f  i t s  r e t a i l  o u t l e t s  in  t h a t  p e r io d .
.Or, 0 = 0 ,
**•0 ■̂t o
3 . The f i r m  w i l l  b u i l d  enough r e t a i l  o u t l e t s  i n  th e  f u t u r e  so a s  to  
m a in t a in  i t s  m arke t s h a r e  l e v e l  i n  a l l  o f  i t s  m arke t a r e a s .
I n  a d d i t i o n ,  t h e  f o l lo w in g  c o m p u ta t io n a l  fo rm u la  was used  i n  d e t e r ­
m in ing  th e  a c t u a l  number o f  t h e  f i r m ' s  g a s o l i n e  r e t a i l  o u t l e t s  i n  each  
o f  th e  32 s e l e c t e d  m arke t a r e a s .
f  MAX { 0 .  ; 0 ,  , } i f  S < 0 < 80 - J J t  i , t-1 Ai , t - i  Alt “  ^ i , t + 1
il: \ _ min  { O jj.: ol t t _ ! ) i f  01 > t . 1 > 0 l t  > 01> t +  1
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where 0^ t  and a r e  th e  a c t u a l  and e s t im a te d  number o f  th e  f i r m 's
g a s o l i n e  r e t a i l  o u t l e t s  i n  m arke t a r e a  i  and p e r io d  t ,  r e s p e c t i v e l y .
The above c o m p u ta t io n a l  fo rm ula  a s s u r e s  t h a t  th e  number o f  th e  f i r m 's  
r e t a i l  o u t l e t s  i s  g r a d u a l ly  a d ju s t e d  so a s  to  accomodate s a t u r a t i o n  
e f f e c t s ,  b o th  w i th  r e s p e c t  to  th e  i n d u s t r y  a s  w e l l  a s  to  th e  f i r m 's  
t o t a l  number o f  r e t a i l  o u t l e t s .  For exam ple, c o n s id e r  m arket a r e a  
number 28 in  t a b l e  17 abo v e .  In  th e  i n i t i a l  p e r io d ,  th e  f i rm  had a 
t o t a l  o f  231 o u t l e t s ,  an o u t l e t  s h a r e  o f  16.08%. Based on th e  ex p ec te d  
number o f  r e t a i l  o u t l e t s  computed f o r  t h i s  a r e a ,  th e  f i r m 's  ex p ec te d
A
number o f  o u t l e t s  was found to  be eq u a l  to  02g j=231 o u t l e t s ,  w hich i s  
e q u a l  to  i t s  a c t u a l  number o f  o u t l e t s .  S i m i l a r l y ,  th e  f i r m 's  e s t im a te d
A
number o f  o u t l e t s  f o r  th e  second  p e r io d  was computed a t  0 = 234
Zo  ̂2
o u t l e t s ,  an i n c r e a s e  o f  3 o u t l e t s  o v e r  t h a t  o f  th e  f i r s t  p e r io d .
However, no d e c i s i o n  a s  to  th e  number o f  o u t l e t s  to  be added i s  made 
u n t i l  t h e  e s t im a te d  number o f  th e  f i r m 's  r e t a i l  o u t l e t s  f o r  th e  t h i r d  
p e r io d  i s  e s t im a te d  on th e  b a s i s  o f  th e  ex p ec ted  number o f  th e  i n d u s t r y ' s  
r e t a i l  o u t l e t s  a s  computed i n  t a b l e  16 ab o v e .  In  t h i s  c a se  i t  was found
A  * A  /V /S
t h a t  0 = 234= 0 , w hich i s  a t i e .  However, s i n c e  0_o , < 0    ,
28 ,3  2 8 ,2  • 28 ,1  2 8 ,2  ’
th e n  C^g ^  ~  MAX-{231 ; 234} = 234 o u t l e t s .  T h e r e f o r e ,  t h e  t o t a l  number 
o f  r e t a i l  o u t l e t s  to  b e  added i n  m arke t a r e a  28 d u r in g  th e  second p e r io d  
i s  3 o u t l e t s .  No a d d i t i o n  i s  n e c c e s s a r y  d u r in g  th e  t h i r d  p e r io d  s in c e
A
°28 3 = °28 2 a n d * t ^ e r e ^o r e » °28 3 = 0 28 2 * D urin8 th e  f o u r t h  p e r io d ,
A A
how ever, i t  was found t h a t  C^g 4 > ^£8 3 * and ^28 5 > °28 4 ’ T^ e r e ^o r e » 
th e  number o f  o u t l e t s  r e q u i r e d  f o r  t h i s  a r e a  i s  0 2 g }4 c  MAX{234 ; 249} = 
249 o u t l e t s ,  an  i n c r e a s e  o f  15 o u t l e t s  o v e r  t h a t  o f  th e  p r e v io u s  p e r io d .
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In  th e  f i f t h  p e r io d  th e  e s t im a te d  number o f  th e  f i r m ' s  r e t a i l
A
o u t l e t s ,  C^g ^ » was found to  be g r e a t e r  th a n  (^ g  4 : th e  number o f
r e t a i l  o u t l e t s  a t  th e  end o f  l a s t  p e r io d .  However, s i n c e  0 was
28 9 5
A
a l s o  g r e a t e r  than  0 oo . ,  i t  was assumed t h a t  c u r r e n t  m arket c o n d i t io n s
28 9 H
w i l l  c o n t in u e  i n  th e  n e a r  f u t u r e ,  and th e  a c t u a l  number o f  th e  f i r m 's  
r e t a i l  o u t l e t s  was s e t  e q u a l  to  0 oo c = MAX { 249 ; 258 }=  258 o u t l e t s ,
28 9 !)
an  i n c r e a s e  o f  9 o u t l e t s .
To sum m arize, th e  r e s u l t i n g  p r e l im in a r y  5 - y e a r  o u t l e t  b u i ld in g  
p la n  f o r  m arket a r e a  28 i s  to  add 3 o u t l e t s  in  th e  second  p e r io d ,  15 
o u t l e t s  i n  th e  f o u r th  p e r i o d ,  and 9 o u t l e t s  i n  th e  f i f t h  p e r io d ;  a 
t o t a l  o f  27 o u t l e t s .  S y m b o l ic a l ly ,  t h i s  means t h a t  ^ g  0 , ^ g  2= ^ >
N2 8 ,3 = 0 » N2 8 ,4 = 15 * and N2 8 ,5 = 9 *
In  a s i m i l a r  m anner, t h e  number o f  th e  f i r m 's  g a s o l i n e  r e t a i l
o u t l e t s  to  b e  added o r  d e l e t e d  in  o t h e r  m arke t a r e a s  was a l s o  computed.
The r e s u l t s  a r e  c o n ta in e d  i n  th e  (±) columns o f  t a b l e  17 above.
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4 .  The F irm ’s G a so l in e  R e t a i l  
O u t l e t s  B u i ld in g  P la n .
Once th e  v a lu e s  o f  and a r e  d e te rm in e d ,  th e y  s e t  an  upper 
l i m i t  on th e  number o f  r e t a i l  o u t l e t s  w hich th e  f i rm  can  add , n^. , o r  
d e l e t e ,  , i n  a g iv e n  m arket a r e a  i  and p e r io d  t .  T h e i r  c o r r e s p o n d -  
ing  "optimum" v a l u e s ,  n ^  and r e s p e c t i v e l y ,  a r e  th e n  found by 
s o lv in g  th e  fo l lo w in g  n o n - l i n e a r  programming problem :
Given th e  f i r m ’s Market Response F u n c t io n ,  i t s  r e t a i l  
o u t l e t  b u i l d i n g  c o n s t r a i n t s ,  and , and i t s  budg­
e t a r y  c o n s t r a i n t ,  B^,, f i n d  th e  optimum number o f  r e t a i l  
o u t l e t s  w hich th e  f i rm  can  add , n ^  , o r  d e l e t e ,  , i n  
a g iv e n  m arke t a r e a  i  and p e r io d  t ,  so a s  to  maximize 
i t s  d i s c o u n te d  e a r n i n g s .  Or, s y m b o l ic a l ly :  f i n d  th e
s e t s  { n.„} and { L.^.} which maximize at i t
0 dt+ n i t “ Li t
e x p ( -3 .4 5 9 5  + 6 .8 6 4 1  — —  ---- — -  1.1197 OM^)
i=m t=T TO-y. ' t
Z = SUM SUM ------------------------------------------------------------------------------------ TS P ( 1 + r f
i = l  t = l  0 i t+ n i t - Li t
1 + e x p ( - 3 . 4595 + 6 .8 6 4 1  -------- -   1.1197 OM^) --------5 .3
T0i t
S u b je c t  To
n ^  . . . .  5 .4
Ld t=  Xi t   5 ,5
i=m t=T i = 1> 2 ,■ • • ,  m,
SUM SUM K ^ n ^ + s ^  L ^ - d ^  Bt  . . . .  5 .6
i = l  t = l  t = l , 2 ...............T.
n ^ a n d  L^_ a r e  n o n n e g a t iv e  i n t e g e r s .  . . . .  5 .7
Where,
Ojj. = t h e  i n i t i a l  number o f  th e  f i r m 's  g a s o l i n e  r e t a i l  o u t l e t s  
i n  m arke t, a r e a  i  and p e r io d  t ,
201
= number o f  r e t a i l  o u t l e t s  to  be  b u i l t  i n  a r e a  i  and p e r io d  t ,
= u p p e r  l i m i t  on n ^  ,
1 ^ =  number o f  r e t a i l  o u t l e t s  to  be  d e l e t e d  i n  a r e a  i  and p e r io d  
t ,
X_jj_ = u p p e r  l i m i t  on L^. ,
10^ .=  t o t a l  number o f  r e t a i l  o u t l e t s  o p e r a t in g  in  a r e a  i  and 
p e r io d  t ,
011^= o u t l e t  mix in  a r e a  i  and p e r io d  t ,  a  m easure  o f  i n t e r ­
ty p e  c o m p e t i t io n  i n  g a s o l i n e  r e t a i l i n g ,
T S ^ = m arket p o t e n t i a l  i n  a r e a  i  and p e r io d  t ,
n e t  p r o f i t  p e r  u n i t  o f  s a l e s  i n  a r e a  i  and p e r io d  t ,
r  = d i s c o u n t  r a t e ,
Kjj. = amount o f  cash  o u t l a y s  r e q u i r e d  to  e s t a b l i s h  one r e t a i l
o u t l e t  i n  a r e a  i  and p e r io d  t ,
s_y.= s a lv a g e  v a lu e  p e r  r e t a i l  o u t l e t  i n  a r e a  i  and p e r io d  t ,
d ^ = d e m o l i t io n  c o s t s  p e r  r e t a i l  o u t l e t  i n  a r e a  i  and p e r io d  t ,
Bt  = b u d g e t  c o n s t r a i n t . -
For th e  p u rp o se  o f  s i m p l i c i t y ,  th e  fo l lo w in g  a ssu m p tio n s  were
made;
1. r e t a i l  o u t l e t s  s c h e d u le d  f o r  d e l e t i o n  have  n e i t h e r  s a lv a g e  
v a lu e s  n o r  d e m o l i t io n  c o s t s ,  and
2. p r o f i t  m a rg in s ,  P ^ ' s ,  a r e  i d e n t i c a l  i n  e v e ry  m ark e t  a r e a  i  
and p e r io d  t .
The f i r s t  a s su m p tio n  im p l ie s  t h a t  r e t a i l  o u t l e t s  s ch e d u le d  f o r  
d e l e t i o n  w i l l  be d e l e t e d  a u to m a t i c a l l y  w i th o u t  r e g a r d  to  t h e i r  c o s t  
im p a c t .  The e f f e c t  o f  th e  second  a ssu m p tio n  i s  to  change th e  o p t i ­
m iz a t io n  c r i t e r i o n  from t h a t  o f  m axim iz ing  th e  p r e s e n t  v a lu e  o f  th e
202
f i r m 's  t o t a l  e a r n in g s  to  t h a t  o f  m axim izing th e  p r e s e n t  v a lu e  o f  i t s  
t o t a l  s a l e s  re v e n u e s .
Based on th e s e  a s s u m p tio n s ,  th e  above p rob lem  can be r e s t a t e d  as 
f o l l o w s :
f in d  th e  s e t  { n ^ } w h ic h  maxim izes
° i t + n dte x p ( - 3 .  3595 + 6 .8641 —— = - - 1 . 1 1 9 7  OIL.)
i=m t=T TO^ _ t
Z = SUM SUM  — TS , (1 + r )
i - 1  t - l  O ^ + n
1 + e x p ( - 3 . 4595 + 6 .8 6 4 1  — — — - 1 . 1 1 9 7  OM. )__________ 5 .8
TOitS u b je c t  To:
ni t =  Nit ’ ----- 5 ,9
i=m t=T
SUM SUM K ^ n ^ l  BT , and ____5 . 1 0
i= l  t= l “  1
n ^  i s  a  n o n n e g a t iv e  i n t e g e r  f o r  a l l  v a lu e s
o f  i  and t ;  i = l , 2 , . . . ,  m; t = l , 2 , . . . ,  T. ___  5.11
Where a l l  v a r i a b l e s  a r e  a s  p r e v io u s ly  d e f in e d .
S o lu t io n  A pproach . E q u a t io n s  ( 5 . 8 - 5 . 1 1 )  r e p r e s e n t  a nonconvex, non­
l i n e a r  programming problem  o f  n o n - t r i v i a l  s i z e  f o r  w hich an optimum 
. s o l u t i o n  i s  a n a l y t i c a l l y  d i f f i c u l t  to  o b t a i n . B e s i d e s ,  s i n c e  th e  
o b j e c t i v e  f u n c t i o n ,  a s  e x p re s s e d  i n  ( 5 .8 )  above , i s  n e i t h e r  convex n o r
157 A n o n l i n e a r  programming prob lem  i s  a  m a th e m a t ic a l  programming 
problem  in v o lv in g  n o n l i n e a r  c o n s t r a i n t s  a n d /o r  a  n o n l i n e a r  o b j e c t i v e  
f u n c t io n .  U n lik e  t h a t  o f  a  l i n e a r  programming p ro b lem , t h e  g raph  o f  a 
n o n l i n e a r  o b j e c t i v e  f u n c t io n  i s  n o t  a  p la n e  b u t  o f  a  r e l a t i v e l y  i r r e g ­
u l a r  s h ap e .  A n o n l i n e a r  o b j e c t i v e  f u n c t i o n  can  be convex , co n cav e , o r  
n e i t h e r  convex n o r  co n cav e . A convex programming prob lem  i s  a  s p e c i a l  
c a s e  o f  n o n l i n e a r  programming problem s w here  th e  o b j e c t i v e  f u n c t io n  i s  
a concave  f u n c t io n  and a l l  t h e  c o n s t r a i n t s  a r e  convex f u n c t i o n s .  See 
Appendix B, n o te  B 5-2, f o r  a d e f i n i t i o n  o f  c o n v e x i ty ,  and n o te  B5-3 
f o r  a  p ro o f  o f  th e  n o n c o n v e x i ty  o f  th e  o b j e c t i v e  f u n c t i o n  i n  ( 5 . 8 ) .
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concave , i t  i s  a lm o s t  im p o s s ib le  to  r e c o g n iz e  a  g lo b a l  optimum from
a l o c a l  one when a  f e a s i b l e  s o l u t i o n  to  th e  p rob lem  i s  o b ta in e d .
F o r t u n a t e l y ,  how ever, th e  m a rg in a l  ( in c r e m e n ta l )  revenue  f u n c t io n  
158i s  co n cav e ,  and , a t  l e a s t  f o r  th e  p u rp o se  o f  th e  p r e s e n t  a n a l y s i s ,
a  s o l u t i o n  app roach  b a se d  on th e  r e l a t i o n s h i p  be tw een  th e  p r e s e n t  v a lu e
o f  th e  f i r m ' s  m a rg in a l  rev en u e  and th e  number o f  i t s  g a s o l in e  r e t a i l
159o u t l e t s  i n  a  g iv e n  m arke t a r e a  i  and p e r io d  t ,  seems a p p r o p r i a t e .  
T h e r e f o r e ,  in  th e  re m a in in g  p a r t  o f  t h i s  s e c t i o n  a  c o m p u ta t io n a l  a lg o ­
r i th m  b a se d  on dynamic, programming p ro c e d u re s  w i l l  be d eve loped  and 
a p p l i e d  to  th e  above prob lem  so .as to  a r r i v e  a t  th e  f i r m 's  o p t im a l  
r e t a i l  o u t l e t  b u i l d i n g  p la n  f o r  which th e  f i r m 's  m a rg in a l  rev en u es  in  
i t s  r e s p e c t i v e  m arke t a r e a s  a r e  maximized s u b j e c t  to  i t s  o u t l e t  b u i l d i n g  
and f i n a n c i a l  c o n s t r a i n t s .
158See Appendix B, n o te  B 5-4, f o r  a  p ro o f  o f  th e  c o n c a v i ty  o f  
t h e  f i r m 's  m a rg in a l  revenue  f u n c t i o n .
159A more a p p r o p r i a t e  a p p ro a ch ,  how ever, would be  to  c o n s id e r  th e  
in c r e m e n ta l  n e t  p r e s e n t  v a lu e  (NPV) f o r  each  a d d i t i o n a l  r e t a i l  o u t l e t ,  
w here NPV i s  th e  d i f f e r e n c e  be tw een  th e  p r e s e n t  v a lu e s  o f  cash  o u t l a y s  
and c a sh  rev e n u es  compiuted o v e r  th e  economic l i f e  o f  a r e t a i l  o u t l e t .
Due to  th e  i l l u s t r a t i v e  n a t u r e  o f  th e  p r e s e n t  a n a l y s i s ,  t h e  a d o p t io n  o f  
such  an  a p p ro ach  may r e q u i r e  a d d i t i o n a l  a s su m p tio n s  r e g a r d in g  m a rg in s ,  
age d i s t r i b u t i o n  o f  new and e x i s t i n g  o u t l e t s ,  l a n d  and equipm ent c o s t s ,  
w ork ing  c a p i t a l ,  d e p r e c i a t i o n  m ethods , e t c . .  I n  a d d i t i o n ,  s in c e  th e  
l i f e - s p a n  o f  a  g a s o l i n e  r e t a i l  o u t l e t  e x te n d s  beyond th e  5 - y e a r  p la n n in g  
h o r i z o n  c o n s id e r e d  h e r e ,  f u r t h e r  a s s u m p tio n s  r e g a r d in g  th e  f i r m 's  f u t u r e  
o u t l e t  b u i l d i n g  p la n s  m ust a l s o  be made. The p r e s e n t  v a lu e  o f  i n c r e ­
m e n ta l  rev en u e  ap p ro ach  p ro p o sed  above i s  a  more c o n v e n ie n t ,  though 
l e s s  a c c u r a t e ,  ap p ro ach  g iv e n  th e  p u rp o se  o f  t h e  p r e s e n t  a n a l y s i s .
S o lu t io n  A lg o r i th m .
For maximum c o m p u ta t io n a l  e f f i c i e n c y ,  th e  fo l lo w in g  a lg o r i th m  
c o n s i s t s  o f  two m ajo r  s t e p s .  F i r s t ,  th e  t o t a l  number o f  o u t l e t s  
which can be b u i l t  i n  a g iv e n  m arket a r e a  i  and p e r io d  t ,  i s  a r ­
ranged  i n t o  N^t  g roups  o f  o u t l e t s  each  w i th  an in c re m en t  o f  o n e .  For 
exam ple, th e  f i r s t  group would c o n s i s t  o f  one o u t l e t ,  th e  second  o f  
two, and so  on . For each  g ro u p , th e  c u m u la t iv e  p r e s e n t  v a lu e  o f  th e  
g r o u p 's  av erag e  m a rg in a l  rev en u es  (CPVAMR) o v e r  a  p e r io d  fo T y e a r s  i s  
then  computed.
Once t h i s  in f o r m a t io n  i s  o b t i a n e d ,  th e  n e x t  s t e p  i s  to  s e l e c t  th e  
group o f  o u t l e t s  w i th  th e  h i g h e s t  CPVAMR g iv e n  t h a t  i t  s a t i s f i e s  the  
f i r m 's  o u t l e t  b u i l d i n g  r e s o u r c e s  c o n s t r a i n t .  The group w i th  th e  n e x t  
h i g h e s t  CPVAMR i s  th e n  s e l e c t e d  u n t i l  a l l  g roups  a r e  c o n s id e re d  o r  a l l  
o u t l e t  b u i l d i n g  r e s o u r c e s  a r e  a l l o c a t e d .
D e r i v a t i o n .
L e t
N. = th e  maximum number o f  r e t a i l  o u t l e t s  w hich th e  f i rm  
^  can b u i l d  i n  m arke t a r e a  i  and p e r io d  t ,  i = l , 2 , . . . , m ,  
t = l , 2, . .  . ,  T.
n ^  = th e  n th  group o f  th e  f i r m 's  g a s o l i n e  r e t a i l  o u t l e t s  
added i n  a r e a  i  and p e r io d  t ;  n ^ t = 1 , 2 , . . . ,  N^t , a 
n o n n e g a t iv e  i n t e g e r .
gCiLjj) = th e  a v e rag e  m a rg in a l  ( in c r e m e n ta l )  rev en u e  a s s o c i a t e d  
w i th  th e  n th  group o f  o u t l e t s  i n  m arket a r e a  i  and 
p e r io d  t ,  w here
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where 111(0^+ ) i s  th e  f i r m ’ s t o t a l  s a l e s  revenue
a f t e r  add ing  n ^ o u t l e t s  in  a r e a  i  and p e r io d  t .
G(n_^) = the  p r e s e n t  v a lu e  o f  g (n ^ t ) ; t h a t  i s
f fc
where r  i s  a d i s c o u n t in g  f a c t o r
S C n ^ )  = th e  s t a t e  in  s t a g e  t  o f  m arket a r e a  i  re ach ed  by
making p o l i c - ------
b e in g  g (n i t )
G(n i t ) = g(n  ) ( l  + r>’
l i c y d e c i s io n  n^ w i th  th e  r e s u l t i n g  outcome
n ^ t  = th e  p o l i c y  d e c i s io n  a t  s t a g e  t  o f  m arket a r e a  i  which
tra n s fo rm s  th e  c u r r e n t  s t a t e  S(nj[ t _ i )  i n t o  a  s t a t e
a s s o c i a t e d  w i th  th e  n e x t  s t a g e  S (n .  ) .
}  ^
f  {S(n ) ;  } = th e  cu m u la t iv e  p r e s e n t  v a lu e  o f  a v e rag e  m a rg in a l
i » t_1  rev en u es  a s s o c i a t e d  w i th  th e  b e s t  o v e r a l l  o u t l e t
b u i l d i n g  p la n  f o r  th e  re m a in in g  s t a g e s ,  g iven  
t h a t  we a re  i n  s t a t e  S(n^ o f  s t a g e  ( t —1) o f
m arket a r e a  i  and s e l e c t  n ^ a s  th e  p o l i c y  d e c i ­
s io n  f o r  s t a g e  t .  n .^  = 1 , 2 , . . . ,  .
n^t  = th e  v a lu e  o f  th e  d e c i s io n  p o l i c y  n ^  which maximizes
f  {S(n n } w i th  th e  c o r re sp o n d in g  maximum b e in g
i t  i , t - 1 i t
4 { s (n i , t - i )} = f t t { s (n i , t - i ) ;  n t t } -
S t r u c t u r a l l y ,  th e  problem  can be  diagrammed a s  shown i n  f i g u r e  
28 be low . The f i g u r e  shows th e  v a r io u s  s t a g e s  and s t a t e s  in v o lv e d  
i n  a  g iv en  m arke t a r e a .  Based on th e  above n o t a t i o n s  and th e  s t r u c t u r e  
diagrammed i n  f i g u r e  28, th e  b a s i c  r e c u r s i v e  r e l a t i o n s h i p s  o f  th e  
s o l u t i o n  a lg o r i th m  can be s t a t e d  as  f o l l o w s :
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F ig u re  28 
The S t r u c t u r e  o f  th e  S o lu t io n  
A lg o rithm .
1
------------T STAGES
111 1 1 1 1
S3 2 2 • 2 2
Market Hi-3 . • . •
Area CO . • • . •
1
I “11
“12 “i t nlT
1 N IJ _ N N1| 11 12 It IT1
I
------------ T STAGES -------------
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11* 1 1 1 1i
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Area CO • • • •
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I 1 1 1 i
2 2 2 2
Market *3 • .  . • •
Area COtf • • • •m > “ml “012 • “mt “mT
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I
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F i r s t '  L e v e l :  W ith in  M arket Area A n a ly s is .




f 3 t {S(n3 , 3 - l ) !  n 3 t ) J
. 4.{S (n . n .  )} = G(n. )  +i t  i , t - l  * i t i t
Area to: f  {S(n ) ;  n )}  = G(n ) +  f  ,{ S (n  , )}mt in) t** X mt m t  m ̂  t™ X in y t** X
f i T ^ S ^n i T ^  = MAX:  *G^n i T ^  * a n d
n^. = 1 ,2 ,  
t  =1 , 2 , . . . ,  T ;
n^_ n o n n e g a t iv e  i n t e g e r .
Second L e v e l :  A cross M arket Area A n a l y s i s .
Find th e  s e t  f o r  which
Z = MAX { f * ( S ( n . ) )  } ,  such  t h a t^ I t  i t
i = m  t=T
SUM SUM K.„ n .. < B„ .
i = i  t = i  “  t t -  T
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The above c o m p u ta t io n a l  p ro c e d u re s  assume t h a t  th e  p r e s e n t  
v a lu e  o f  av e rag e  m a rg in a l  rev en u es  i s  a  m o n o to n ic a l ly  i n c r e a s i n g  
f u n c t io n  o f  t ;  t h a t  i s ,
f  {S(n )}  > f .  (S (n .  ) } ,
i t  i t  — 1 , t - 1  1 , t - 1
f o r  a l l  v a lu e s  o f  i  and t .  Th is  im p l ie s  t h a t  i n  a g iv en  m arket a r e a  i ,
t h e  e a r l i e r  an o u t l e t  i s  b u i l t ,  th e  g r e a t e r  th e  c u m u la t iv e  p r e s e n t
v a lu e  o f  i t s  in c r e m e n ta l  revenue  becomes.
Table  18 below c o n ta i n s  th e  av e rag e  m a rg in a l  r e v e n u e s ,  g (n iJ;) ,
and th e  c u m u la t iv e  p r e s e n t  v a lu e  o f  a v e rag e  m a rg in a l  re v e n u e s ,
f  {S(n. ) } ,  f o r  each  group o f  ri, o u t l e t s  in  a g iv e n  m arket a r e a  i  
i t  i t  i t
i = l , 2 , . . . ,  32; and o v e r  a p la n n in g  h o r iz o n  o f  T=5 y e a r s .  The p r e s e n t  
v a lu e  f i g u r e s  w ere  computed u s in g  a  d i s c o u n t  f a c t o r ,  r ,  o f  10%.
For each  m arke t a r e a  i ,  th e  group o f  o u t l e t s  w i th  th e  h i g h e s t  
AMR was marked by an a s t e r i s k .  Thus, an optimum o u t l e t  b u i l d i n g  s t r a t ­
egy f o r  m arke t a r e a  number 2 i s  to  add t h r e e  o u t l e t s  i n  th e  f i r s t  
p e r io d ,  and one o u t l e t  i n  th e  f o u r th  p r i o d .  The r e s u l t i n g  CPVAMR 
i s  e q u a l  to  $304 ,002 . S i m i l a r l y ,  th e  optimum s t r a t e g y  f o r  m arke t a r e a  
number 13 i s  to  add two o u t l e t s  i n  th e  second  p e r io d  and one o u t l e t  
i n  th e  f o u r th  and f i f t h  p e r i o d s ,  r e s p e c t i v e l y .  The r e s u l t i n g  CPVAMR 
i s  e q u a l  to  $216 ,706 .
I t  sh o u ld  be n o te d  h e r e  t h a t  each  CPVAMR v a lu e  c o r re sp o n d s  to  
an a l t e r n a t i v e  o u t l e t  b u i l d i n g  s t r a t e g y  f o r  th e  r e s p e c t i v e  a r e a  under 
c o n s i d e r a t i o n .  Once th e s e  f i g u r e s  a r e  o b ta in e d ,  th e  n e x t  s t e p  i s  to  
s e l e c t  th e  s e t  o f  s t r a t e g i e s  w i th  th e  h i g h e s t  CPVAMR's s u b j e c t  to  th e
Table 18
The Cum ulative P re se n t Value o f  Average M arginal Revenues 
o f  th e  n th  Group o f  O u tle ts  in  Market Area i ,  
and P erio d  t .




e m u la t iv e  
P re se n t 
Value 
f t t { S(nt t ) )
t « l t “ 2 t* 3 t* 5
ni l S (ni l> “ 12 e (n 12) n i3 E(ni 3 )- n lh 8 (n ih> ni5 8 (015)
01 A rea D esignated  fo r  D e le tio n Only
02 29h,960 01 63,276 01 80,628 01 90,260 01 75,996 01 82,267
298,781 02 6 h ,i0 7 02 81,683 02 91,h33 02 76,966 02 83,31h
302,6514. 03* 6h,950 03* 82,753 03* 92,622 03 77,9h9 03 8h,37h
3014,002 •• •• •• Oh* 78,9h5 Oh* 85,hh8
03 183,130 .. 01* 103,228 01 81,562 01 80,309
1814,638 , , , # , 02 82,736 02 8 l,h h 3
186,169 , , , , , 03 83,933 03 82,595
187,7214 , , , , , Oh 8 5 ,lh 6 Oh 83,76h
l8 9 ,3 0 h , , , . , 05 86,379 05 8h ,952
190,907 , , , , , 06* 87,630 06 86,158
191,667* •• •• •• •• 07* 87,362
Oh 80,5214* • • • • • • • • 01* 1 29 ,68h
05 143,397* •• • • • • • • 01* 69,892
06 233,801 01 • 131,133 01 101,022 01 106,7hh
235,071 •, ,, 02 131, 8h6 02 101,569 02 107,325
236,3149. ., ,, 03 1 3 2 ,56h 03 102,119 03 107,909
237,635* •• •• Oh* 133,286 Oh* 102,673 Oh* 1 0 8 ,h97
07 222,915 01 *49,015 01 57,h92 01 63,665 01 60,230 01 67 ,h3h
22*4,682 02 149,395 02 57,9*43 02 6 h ,l7 1 02 60,713 02 67,980
226,1466 03 *49,779 03 58,399 03 6 h ,68l 03 61,200 03 68,531
228,265 Oh 50,166 Oh 58,858 Oh* 65,196 Oh* 61,192 Oh* 69,086
229,00*4* 05* 50,557 05* 59,322 •• •• ••
08 322,602 01* 83,077 01* 7 8 , l 6h 01* 89,136 01 92,218 01 8h ,590
32*4,086 , . 02 9 3 ,h l9 02 85,659
325.591 , , 03 9h,637 03 86,7h3
327,117 , , Oh 95,872 Oh 87, 8h2
328,66*4 ... 05* 97,12h 05 BB.956
329.365* •• •• 06* 90,086
09 Area D esigna ted  fo r  D e le tio n Only
10 33,305 01 53,638
33,1410 02 53.807
33,515 e e 03 53,977
33,621 • e Oh 5 h ,lh 7
33,727 • • 05 5 h ,3 l8
33,833 06 5h,h89
33,9*40 07 5h ,66l
3*4,0147 08 5*4,833
314,15*4 09 55.006
3*4,262 • • 10 55,180
314,370 • • 11 55»35h
3*4,1479 • • 12 55,529
3*4,588 a e 13 55,705
3*4,698 * • lh 55,881
3*4,807. • e 15 56,057













2 1 6 ,706*
1146,173.
1148,001*























A rea D esignated  f o r  D e le tio n  Only 























P re se n t
Value
f j j l  S (nfc) )
P lann ing  Horizon
-*=1 ,«2 t - 3 t - 1* t=5
n it g (nft ) “ i t g t n ^ ) " i t “ it 8 <"jt > “ it
17 8 7 ,0 7 7 . 01* 69,120 01. 61*,20787,831* •• •• •• •• 02 65,1*25
18 177,736* •• 01* 56,181 01* 61,1772 01* 61,808 01* 56,757
19 Area D esignated  fo r D ele tio n Only
20 Area D esignated  fo r D ele tio n Only
21 335,1*07. 01* 11*1*,150 01* 161* ,529 01. 181. ,773337,169 •• •• • • 02 1B7.611
22 21*2 , 1*16 01 67,61.2 01 71* ,159 01 98,1*61 01 102,31*3
21*6,986 02. 68,953 02, 75,582 02 100,315 02 101*. 197251,61*2 03 70,288 03 77,032 ° 3. 102,203 03 106,086251*,150 , , , Oil* 101* ,126 01* 108,010
2 55 ,361 . , , , , , ° 5. 109,960
256,603 •• •• • • 06* 111,961
23 116,673 . . 01* 51,206 01 58,1*03 01 61,700
117,339 # • • • 02 58,909 02 62,216
116,011 , , , 03* 59,1*20 03 62,736
118,337* •• •• •• 01* 63,262
21* A rea D esignated  fo r D ele tio n Only
25 100,109 . . . . 01 161,227
101, 108* •• •• •• •• 02* 162,835
26 262,732 01 57,681* 01 67,891 01 76,231* 01 70,256 01 78,189
263,11*7 02 57,861 02 68,095 02 76,1*63 02 70,1*65 02 78,1*21
261*, 187 03 58,038 03 68,300 03 76,693 03 70,675 03 78,655
261*,733 01* 58,215 01* 65,506 01* 76,923 Ol* 70,886 Ol* 78,889
265,531 05 58,391* 05 66,712 05 77,155 05 71,097 05 79,126
266,329 06 58,572 06 68,919 06 77,387 06 71,309 06 79,361
267,131 07 58,752 07 69,127 ■ 07 77,620 07 71,521 07 79,597
267,936 08 5B.932 08 69,336 08 77,853 08 71,735 08 79,635
268,71*3 09 59,112 09 69,51*5 09 78,088 09 71,91*9 09 80,073
269,551* 10 59,291* 10 69,755 10 78,323 10 72,163 10 80,313
270,367 11 59,1*76 11 69,965 11 78,559 11 72,379 11 80,553
271,182 12 ' 59,658 12 70,177 12 78,796 12 72.595 12 80,793
272,001 13 59,81*1 13 70,389 13 79,031* 13 72,812 13 81,035
272,822 ll* 60,025 ll* 70,602 1>* 79,272 ll* 73,029 ll* 81,277
273,61*6 15 60,209 15 70,815 15 79,511 15 73,21*8 15 81,521
271*, 1*73 16 60,391* 16 71,029 16 79,752 16 73,1*67 16 81,765
275,302 17 60,580 17 71,21*1* 17 79,992 17 73,687 17 82,009
276,131* 18 60,766 18 71,1*60 18 8 0 , 231* 18 73,907 IB 82,255
276,969 19 60,953 19 71,676 •19 80,1*77 19 71*.128 19 82,501
277,807 20 6 1 , 11*1 20 71,893 20 80,720 20 71*, 350 20 82,71*9
276,61*8 21. 61,329 21 72,111 21 8 0 , 961* 21 71* ,573 21 82,997
279,1*91 22* 61,518 22 72,329 22 81,209 22 7li,796 22 83,21*6
280,165 23 72.51*9 23 Bl,!»55 23 75,021 23 83,1*95
280 , 81*1 21* 72,769 21* 81,701 21* 75,21*5 2>* 83,71*6
281,518 25* 72,989 25* 81,91*8 25 75,1*71 25 83,997
281,830 , , , , 26 75,697 26 81* ,21*9
2 82 , 11*1** •• •• 27* 75,926 27* 81* ,502
27 112,778* 01* 37,91*9 01* 1*1,933 01* 36,1*30 01* 1*0,308
28 265,530 01 87,786 01 101,271 01 87 , 1*62 01 92,050
266 ,01*1 02 87,960 02 101,1*71 02 87,627 02 92,218
266,533 03* 88,131* 03* 101,672 03 87,791 03 92,386
266,770 Ol* 87,956 Ol* 92.555
266,968 05 88,122 05 92,721*
267,206 06 88,287 06 92,891*
267,1*25 07 88,1*53 07 93,061*
267,61*5 08 88,620 08 93,231*
267,861* 09 88.786 09 93,1*05
2 68 ,081* 10 88,953 10 93,575
268,305 11 89,121 11 93,71*7
268,526 12 89,288 12 93,918
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P re se n t
Value
P lann ing  Horizon
t - 1 t - 2 t - 3 t —*4 t - 5
“ i t e (n i t ) n l t B ^ i t* “ it g (n t t ) “ i t “ i t g (“ i t  )
28(C n td .) 268,7*47 13 89,1456 13 9*4 ,090
268,969 1*4 89,625 1*4 9*4,262
269,192 15 89,793 15 9*4,1435
269,*41*4 16 89,962 16 9*4,607
269,638 17* 90,132 17 9*4,781
269,861 . . 18 95,128
270,078 , . 19 95,302
270,186 - . . 20 95**477
270,29*4 , , 21 95,651
270, *403 • . 22 95,827
270,512 , . 23 96,002
270,621 , . 2*4 96,178
270,730 , , 25 96,35*4
270,8*40* •• 26* 96,531
29 269,237 01 *49,1462 01 6 6 , 8*48 01 73,853 01 85,060 01 89,283
270,252 02 *49,662 02 67,116 02 7*4,1*48 02 85,35*4 02 89,59*4
271,271 ' 03 *49,863 03 67,385 03 7*4,*4*43 03 8 5 ,6*49 03 89,901
272,29*4 0*4 50,065 0*4 67,655 0*4 7*4,7*40 0*4 85,9*4*4 0*4 90,209
273,321 ° 5. 50,268 05 67,926 05 75,038 05 86,2*41 05 90,516
27*4,353 06 * 50,1472 06 68,199 06 75,337 06 86,539 06 90,826
275,20*4 07* 68**473 07* 75,638 07 86,839 07 91,1*40
275,603 08 87,139 08 91,1453
276,00*4 09 87,*4*41 09 91,767
276,1407 10 87,7*4*4 10 92,082
276,811 11 88,0*48 11 92,399277,218 12 88,35*4 12 92,717
277,625 13 88,660 13 93,036
278,03*4 1*4 88,968 1*4 93,356
278,*4l45 15 89,277 15 93,678
278,858 16 89,588 16 9*4,001
279,272 17 89,899 17 9*4,325
279,688 18 90,212 18 9*4,651
280,105 19 90,526 19 9*4,977
280,52*4 20 90,8*41 20 95,305
280,9*45 21 91,158 21 95,635
281,366 22 91,*475 22 95,965
281,790 23 91,79*4 23 96,297
282,216 2*4 92,11*4 2*4 96,630
282,6*4*4 25* 92,1436 25„ 96,965
282,852* •• 26* 97,300
30 1*45,260 01 36,225 01 36,973 01 38,678 01 *40,51*4 01 *40,263
1*48,239 02 36,999 02 37.72B 02 39,1*59 02 *41,1407 02 *41,061
151,287 03 37,791 03 38,501 03 *40,257 03 *42,261 03 *41,877
15*4, *408 0*4 38,603 0*4 39,292 0*4 *41,07*4 0*4 *43,135 0*4 *42,712
157,603 05 39,*4 3*4 05 *40,102 05 *41,911 05 *4*4,029 05 *43,566
160,872 06 *40,286 06 *40,930 06 *42,766 06 *4*4,9*45 06 *4*4,*439
16*4,216 0 7 . *41,157 07 *41,778 07 *43,6*41 07 *45,881 07 *45,332
167,638 08* *42,050 08 142,6*45 08 *4*4,536 08 *46,8*40 08 *46,2*45
170,308* •• 09* *43,532 09* *•5,1451 09" *47,820 09* *47,178
31 37,723 01 60,75*4
38,17*4 , , 02 61,1479
38,631 03 62,215
39,093 • e 0*4 62,960
3 9 ,563 . • • , , °5 63,716
*40,038 # • •• 06* 6*4,1481
32 A rea D esignated  fo r D e le tio n  Only
* Opt1nun v a lu e s .
Die n tb  group o f  o u t l e t s  in  m arket a re a  1 and p e r io d  t .
&{nft) The average m arg in a l(in c re m en ta l)  revenue o f  th e  n tb  group o f  o u t l e t s  in  m arket a re a  1 and 
p e r io d  t .
S o u rce :  A u th o r 's  c o m p u ta t io n s .
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f i r m 's  o u t l e t  b u i l d i n g  r e s o u r c e s  c o n s t r a i n t .  I f  we assume t h a t  th e
f i rm  h as  a l l o c a t e d  enough funds  to  b u i l d  a  t o t a l  o f  100 g a s o l in e
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r e t a i l  o u t l e t s  o v e r  th e  coming p e r io d  o f  5 y e a r s ,  a p re l im in a r y  
optimum o u t l e t  b u i l d i n g  p la n  can then  be s e l e c t e d  from th e  a l t e r n a t i v e  
o u t l e t  b u i l d i n g  s t r a t e g i e s  c o n ta in e d  i n  t a b l e  18 abo v e .  Such a p la n  
i s  shown in  t a b l e  19 be low .
T able  19
A P r e l im in a r y  Optimum O u t le t  




O u t l e t  B u i ld in g  S t r a t e g y
T o ta l
O u t l e t s
CPVAMR
($000)t= l t=2 t=3 t=4 t=5
21 1 1 2 337,169
08 1 4 1 6 329,365
02 3 1 4 304,002
29 6 1 18 1 26 282,852
26 22 3 2 27 282,144
28 3 14 9 # 26 270,840
11 2 2 256,861
22 3 • 1 2 6 256,603
T o ta l 34 10 01 40 14 99
The p la n c a l l s f o r  b u i l d i n g 34 o u t l e t s i n  th e  f i r s t  p e r io d ,  1
o u t l e t s  i n  th e  second  p e r i o d ,  one o u t l e t  i n  th e  t h i r d  p e r i o d ,  40 
o u t l e t s  i n  th e  f o u r th  p e r i o d ,  and 14 o u t l e t s  i n  th e  f i f t h  p e r i o d ;  a 
t o t a l  o f  99 o u t l e t s .
* ^ T h i s  im p l ie s  t h a t  o u t l e t  b u i l d i n g  c o s t s  a r e  i d e n t i c a l  i n  
a l l  m arket a r e a s .
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5. L o c a t io n a l  A n a l y s i s .
Once th e  f i r m 's  p r e l im in a r y  o u t l e t  b u i l d i n g  p la n  i s  fo rm u la te d ,  
t h e r e  rem ains  th e  p rob lem  o f  e s t a b l i s h i n g  i t s  f e a s i b i l i t y .  Th is  i s  
a c h ie v e d  by s e a r c h in g  i n d i v i d u a l  m arket a r e a s  f o r  a l t e r n a t i v e  f e a s i b l e  
l o c a t i o n s  where g a s o l i n e  r e t a i l  o u t l e t s  can be b u i l t .  A s e a rc h  p ro ­
ced u re  term ed L o c a t io n - A l lo c a t io n  S u b ro u t in e  was deve loped  f o r  t h i s  
p u rp o se  i n  c h a p te r  t h r e e  above. The a n a ly s e s  in  th e  p r e s e n t  s e c t i o n  
w i l l ,  t h e r e f o r e ,  conform to  th e  p r o c e d u r a l  s t e p s  o u t l i n e d  in  th e  
A l t e r n a t i v e  O u t l e t  L o c a t io n  E v a lu a t io n  S u b ro u t in e  diagrammed in  f ig u r e  
f i v e  above.
a) The Study A re a .
For th e  p u rp o se  o f  th e  p r e s e n t  a n a l y s i s ,  and i n  o r d e r  to  economize 
i n  tim e and e f f o r t ,  o n ly  one o f  th e  above 32 s e l e c t e d  m arke t a r e a s  w i l l  
be a n a ly z e d  so  as  to  p ro v id e  an i l l u s t r a t i v e  a p p l i c a t i o n  o f  th e  lo c a ­
t i o n a l  a n a l y s i s  p r o c e d u r e s .  The e x te n s io n  to  o t h e r  m arket a r e a s ,  
how ever, i s  s t r a i g h t f o r w a r d .
The s e l e c t e d  m arke t a r e a ,  h e n c e f o r t h  r e f e r r e d  to  as  th e  s tu d y  
a r e a ,  i s  m arke t a r e a  number 28 o f  t a b l e  18 above. I t  c o n s i s t s  o f  33 
Census T r a c t s ,  and i s  l o c a t e d  i n  th e  N orthw est Q uadran t o f  th e  c i t y  
o f  H ouston , Texas. The c h o ic e  o f  t h i s  a r e a  was m o t iv a te d  m a in ly  by 
th e  a v a i l a b i l i t y  o f  f a i r l y  r e c e n t l y  p u b l i s h e d  d a t a  on p o p u la t io n  c o u n ts ,  
sh o p p in g  c e n t e r s ,  and e x i s t i n g  and p ro p o sed  s t r e e t  and highway c o n f ig u ­
r a t i o n  maps. A g e o g ra p h ic  map showing th e  b o u n d a r ie s  o f  th e  s tu d y  a r e a  
i s  c o n ta in e d  i n  f i g u r e  29 be low . An e n la r g e d  map o f  th e  s tu d y  a r e a  i s
PLEASE NOTE:
In a ll  cases th is  material has been filmed 1n the best possible 
way from the available copy. Problems encountered with th is  
document have been Iden tified  here with a check mark v ^  .
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2. Colored Illu s tra tio n s  ________
3. Photographs with dark background ________
'4. Illu s tra tio n s  are poor copy________
5. P rin t shows through as there 1s tex t on both sides of page _________
6. In d is tin c t, broken or small p rin t on several pages | f /  throughout
7. Tightly bound copy with p rin t lo s t 1n spine ________
8. Computer printout pages with In d is tin c t p rin t ________
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10. P age(s)________ seem to be missing in numbering only as tex t
follows ________
11. Poor carbon copy ________
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14. Original copy with lig h t type ________
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a l s o  shown i n  f i g u r e  30. F ig u re  31, on th e  o t h e r  hand , shows th e  geo­
g r a p h ic  b o u n d a r ie s  o f  th e  s tu d y  a r e a ’ s  33 Census T r a c t s .
b )  The L o c a t io n - A l lo c a t io n  
P r o c e d u r e .
The L o c a t io n - A l lo c a t io n  p ro c e d u re  b e g i n s ,  i t  i s  r e c a l l e d ,  by 
seg m en tin g  th e  m arke t a r e a  i n t o  a 'num ber o f  subm arket a r e a s  each  
c o n ta i n in g  a c l u s t e r  o f  demand p o i n t s .  Then a f t e r  d e te rm in in g  th e  
number o f  g a s o l i n e  r e t a i l  o u t l e t s  r e q u i r e d  to  s a t i s f y  th e  demand f o r  
g a s o l i n e  w i t h i n  each  c l u s t e r ,  th e  p ro c e d u re  l o c a t e s  th o s e  o u t l e t s  so  
as to  p ro v id e  f o r  t h e i r  maximum . l o c a t i o n a l  a c c e s s i b i l i t y ,  c e n t r a l i t y ,  
and i n t e r c e p t i b i l i t y . The r e s u l t i n g  optimum l o c a t i o n s  a r e  th en  con­
t r a s t e d  w i th  th e  l o c a t i o n s  o f  e x i s t i n g  s e r v i c e  s t a t i o n s ,  and a re a s  w i th  
few er s e r v i c e  s t a t i o n s  th a n  o th e rw is e  d e te rm in e d  by th e  p ro c e d u re  a r e  
i s o l a t e d  and d e s ig n a t e d  as h ig h  p o t e n t i a l  a r e a s  f o r  l o c a t i n g  new 
o u t l e t s  o r  r e l o c a t i n g  e x i s t i n g -o n e s . Thus, th e  L o c a t io n - A l lo c a t io n  
p ro c e d u re  i n v o l v e s :
1. e s t a b l i s h i n g  c l u s t e r s  o f  demand p o in t s  w hich p ro v id e  th e  
b a s i s  f o r  seg m en tin g  th e  m arke t a r e a  i n t o  a  number o f  su b -  
m arke t a r e a s ,
2 . e s t i m a t i n g  th e  number o f  o u t l e t s  r e q u i r e d  to  s a t i s f y  
demand f o r  g a s o l i n e  w i t h i n  each  s u b a r e a ,
3. l o c a t i n g  th o s e  o u t l e t s  i n  such  a  way so  a s  to  s a t i s f y
th e  l o c a t i o n a l  c r i t e r i a  o f  a c c e s s i b i l i t y ,  i n t e r c e p t i b i l i t y ,  
and c e n t r a l i t y ,  and
4. c o n t r a s t i n g  p la n n e d  and a c t u a l  o u t l e t  l o c a t i o n s  so  as  to  
i s o l a t e  a r e a s  w here new o u t l e t s  can be l o c a t e d .
F ig u re  30 
The S tudy Area
m (WrtWK
u r n t
F ig u re  31 
The G eographic  B oundar ies  o f  th e  
S tudy A r e a 's  Census T r a c t s
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1. Segmenting th e  Market A rea .
th e  c l u s t e r i n g  o f  demand p o in t s  and th e  su b se q u e n t  segm en ting  
o f  th e  m arket a r e a  i n t o  a number o f  subm arket a r e a s  i s  b a sed  on a 
minimum w e ig h ted  r e c t a n g u l a r  d i s t a n c e  betw een th e  Demand G e n e ra t in g  
P o i n t s ,  DGP's, and th e  Demand S a t i s f y i n g  P o i n t s ,  D SP 's . Such a  
r e l a t i o n s h i p ,  i t  i s  r e c a l l e d ,  was e x p re s s e d  as  a l i n e a r  programming 
prob lem  o f  th e  f o l lo w in g  form:
Find th e  s e t  { Q } which m in im izes  
kg
k=K g=G
Z = SUM SUM Qk g | \ - X g | + |Yk -Y g |   5 .1 2
k - 1 g—1
S u b je c t  to  g=G
SUM Qi^ = DGP.. k= 1 , 2 , . . . ,  K.......................5 .1 3
s = i  8 l k
k=K
SUM Qkg = DSPi g  g = l , 2 , . . . ,  G, .............  5 .14
k 1
and Scg“  ^ ^ ° r  v a^ues ^  anc* S*   5 .1 5
Where a l l  v a r i a b l e s  a r e  a s 'p r e v i o u s l y  d e f in e d .
In  o r d e r  to  s o lv e  th e  above p ro b lem , th e  f o l lo w in g  in fo r m a t io n  
w ere o b ta in e d  on th e  s tu d y  a r e a .
a )  The L o c a t io n a l  C o o rd in a te s  o f  th e  
Demand G e n e ra t in g  P o i n t s .
S in ce  demand f o r  g a s o l in e  i s  p o s i t i v e l y  a s s o c i a t e d  w i th  p o p u la t io n  
s i z e ,  th e  p o p u la t io n  c e n t e r  p o i n t  o f  each  o f  t h e  33 Census T r a c t s  making 
up th e  s tu d y  a r e a  was d e s ig n a te d  as  a  p o t e n t i a l  Demand G e n e ra t in g  P o i n t ,  
DGP. In  o r d e r  to  o b t a i n  th e  c a r t e s i a n  c o o r d in a t e s  o f  th e s e  p o i n t s ,  th e
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g e o g ra p h ic  b o u n d a r ie s  o f  each  Census T r a c t  were d e l i n e a t e d  and then
super im posed  o v e r  a map o f  th e  s tu d y  a r e a .  The p o i n t  w i t h i n  each
T able  20
Grid Coordinates of The 
Demand Generating Points.
Random
Tract No. DGPX DGPY Vector
501 128 19 9
502 130 23 5
503 123 29 6
504 117 21 2
505 108 22 3
506 109 32 1
507 112 40 3
508 126 . 38 4
509 123 48 3
510 104 54 6
511 105 48 8
512 102 40 2
513 95 41 6
514 98 28 4
515 93 18 9
516 88 28 0
517 ■ 70 50 7
518 87 50 8
519 90 62 1
520 108 63 0
521 120 • 63 7
522 . 115 80 9
523 102 82 2
524 95 79 0
'525 75 78 5
526 73 64 4
527 53 65 4
528 21 73 0
529 45 76 8
530 62 97 3
531 86 • 98 2
532 104 96 2
540 37 104 5
t r a c t  w i th  th e  most i n t e n s i v e  s t r e e t  c o n f i g u r a t i o n  was th e n  d e s ig n a te d  
as  th e  p o p u la t io n  c e n t e r  p o i n t  o f  t h a t  t r a c t .  N ex t ,  u s in g  a  f i n e  g r i d ,  
th e  c o o r d in a te s  o f  each  p o i n t  were r e c o rd e d .  The r e s u l t s  a r e  c o n ta in e d  
in  t a b l e  20 above .
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b) The L o c a t io n a l  C o o rd in a te s  o f  t h e •
Demand S a t i s f y i n g  P o i n t s .
A rev iew  o f  th e  l i t e r a t u r e  on consum ers ' g a s o l i n e  b u y in g  b e h a v io r ,
as  p r e s e n te d  in  c h a p te r  t h r e e  above, showed t h a t  most consumers te n d  to
p u rc h a se  g a s o l in e  w h i le  on a  sh o p p in g  t r i p .  In  th e  p r e s e n t  a n a l y s i s ,
Table  21
Grid Coordinates of the 
Demand Satisfying Points.
DSP No. DSPX DSPY
1 121 28













15 9 k 62
16 9 k 70
17 112 63
18 110 65






25 9^ . 90
26 109 90
27 97 90
th e  l o c a t i o n  p o i n t s  o f  e x i s t i n g  sh o p p in g  c e n t e r s  a r e  c o n s id e re d  th e  
lo c u s  o f  such b u y in g  a c t i v i t i e s  and a r e ,  t h e r e f o r e ,  d e s ig n a te d  as 
p r e l im in a r y  Demand S a t i s f y i n g  P o i n t s ,  DSP. T ab le  21 above c o n ta in s  
th e  g r i d  c o o r d in a te s  o f  t h e s e  p o i n t s  o b ta in e d  i n  a  manner s i m i l a r  to  
t h a t  d e s c r ib e d  f o r  th e  DGPs above . D ata on v a r io u s  sh o p p in g  c e n t e r s
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l o c a t e d  w i th in  th e  l i m i t s  o f  th e  s tu d y  a r e a ,  how ever, were  o b ta in e d  
from a r e c e n t  e d i t i o n  o f  a  sh o p p in g  c e n t e r  d i r e c t o r y  p u b l i s h e d  by 
th e  Houston Chamber o f  Commerce. The d i r e c t o r y  l i s t e d  27 sh o p p in g  
c e n t e r s  w i th  50 ,000  s q f .  o r  more l o c a t e d  i n  t h a t  a r e a .  They a re  
c o n ta in e d  i n  t a b l e  A 4 o f  ap p en d ix  A.
c) Demand A l lo c a t io n .
In  c h a p te r  t h r e e  above, i t  was assumed t h a t  th e  demand f o r
g a s o l i n e  i n  a g iv en  m arke t a r e a  i  i s  known o r  can be e s t i m a te d  w i th
a c e r t a i n  l e v e l  o f  a c c u ra c y .  However, f o r  th e  p u rp o se  o f  th e  p r e s e n t
a n a l y s i s  th e  demand f o r  g a s o l i n e  i n  th e  s tu d y  a r e a  was e s t i m a te d  by
m u l t ip l y in g  th e  s a l e s  volume o f  s e r v i c e  s t a t i o n s  l o c a t e d  i n  th e  c i t y
o f  Houston by th e  r a t i o  o f  t h e  number o f  h o u seh o ld s  l o c a t e d  i n  th e
s tu d y  a r e a  to  th e  t o t a l  number o f  h o u seh o ld s  i n  th e  H ouston a r e a .
Data on th e  number o f  h o u seh o ld s  l o c a t e d  i n  th e  s tu d y  a r e a  were
o b ta in e d  on a  Census T r a c t  b a s i s  from th e  e l e c t r i c  m e te r  c o n n e c t io n
f i g u r e s  com piled  by H ouston Chamber o f  Commerce. They a r e  c o n ta in e d
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in  t a b l e  A 5 o f  Appendix A.
Once th e  demand f o r  g a s o l i n e  i n  th e  s tu d y  a r e a  i s  e s t i m a t e d ,  i t  
i s  a l l o c a t e d  to  th e  Demand G e n e ra t in g  P o i n t s  on th e  b a s i s  o f  th e  number 
o f  h o u seh o ld s  l o c a t e d  i n  each  Census T r a c t  as  f o l l o w s :
The s e r v i c e  s t a t i o n s '  s a l e s  volume f i g u r e  was o b ta in e d  from 
th e  Jan u a ry  1978 i s s u e  o f  Spot T e l e v i s io n  R ates  and D ata  and was found 
to  be e q u a l  to  $ 4 6 2 ,6 3 2 ,0 0 0 . The e s t i m a te d  demand f o r  g a s o l i n e  i n  th e  
s tu d y  a r e a  was th e n  computed as  f o l lo w s :
(4 6 2 ,6 3 2 * 0 0 0 )( 1 2 0 ,0 0 8 ) / ( 8 0 2 ,492)= $ 6 9 ,1 8 4 ,0 0 0 .
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Hk
DGP. = D -------------  , where
k=33 
SUM H, 
k  = i  k
DGP  ̂ = i s  th e  p o r t i o n  o f  th e  e s t i m a te d  demand f o r  g a s o l in e  
a l l o c a t e d  to  Census T r a c t  k ,  k = l , 2 , . . . ,  33,
D = th e  e s t i m a te d  demand f o r  g a s o l i n e  i n  th e  s tu d y  a r e a ,  and
Table  22
Demand For Gasoline 
Allocated to  Individual 
Demand Generating Points
TRACT HHOLDS POP DGP IK
501 47 123 27.10
502 • 1316 3595 759.89
503 4092 13723 2359.22
504 1257 3624 724.72
505 1969 5930 1146 .7S
506 4352 9966 2509.12
507 3744 9395 2158.56
50B 1797 5976 1036.05
509 4323 12295 2492.40
510 2156 6762 1244.16
511 2654 6866 1530.15
512 3376 7600 1947.57
513 1257 3270 724.72
514 2749 7675 1564.92
515 4201 9499 2422.06
516 2619 7435 1509.97
517 9269 22689 5343.99
516 5224 14179 3011.67
519 4925 14208 2639.46
520 5181 14844 2987.07
521 3903 10514 2250.25
522 3664 11460 2112.46
523 5795 17706 3341.07
524 751 2263 432.96
525 4774 16686 2752.42
526 5059 15521 2916.74
527 3924 12661 2262.36
528 915 3286 527.54
529 3723 11652 2146.47
530 5621 20402 3356.06
531 6273 21781 3616.66
532 3886 13740 2240.45
540 4976 16673 2668.88
= th e  number o f  h o u se h o ld s  l o c a t e d  i n  Census T r a c t  k .
The a l l o c a t e d  demand f i g u r e s  a r e  c o n ta in e d  i n  t a b l e  22 above .
S i m i l a r l y ,  th e  e s t i m a te d  demand f o r  g a s o l i n e  i n  th e  s tu d y  a r e a ,  
D, was a l s o  a l l o c a t e d  to  th e  r e s p e c t i v e  Demand S a t i s f y i n g  P o in t s  
u s in g  th e  fo l lo w in g  fo rm u la :
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Demand f o r  G aso l in e  
A l lo c a t e d  t o  I n d i v i d u a l  
Demand S a t i s f y i n g  P o in t s
NUMBER S I Z E DSP I G
1 5 3 0 0 0 7 5 5 . 0
2 8 3 7 0 0 1 1 9 2 . 4
3 8 0 0 0 0 1 1 3 9 . 7
. 4 2 5 5 0 0 0 3 6 3 2 . 7
5 7 6 0 0 0 1 0 8 2 . 7
6 1 8 0 0 0 0 2 5 6 4 . 3
7 7 5 0 0 0 1 0 6 8 . 4
B 5 0 0 0 0 7 1 2 . 3
9 6 5 0 0 0 9 2 6 . 0
10 1 6 8 0 0 0 2 3 9 3 . 3
11 9 0 9 7 5 0 1 2 9 6 0 . 3
12 1 1 0 0 0 0 1 5 6 7 . 1
13 8 0 2 5 0 1 1 4 3 . 2
14 7 0 0 0 0 9 9 7 . 2
15 4 8 9 0 0 0 6 9 6 6 . 3
16 1 2 0 0 0 0 1 7 0 9 . 5
17 8 5 0 0 0 0 1 2 1 0 9 . 1
I B 1 2 0 0 0 0 1 7 0 9 . 5
19 1 1 1 0 0 0 1 5 8 1 . 3
20 2 0 0 0 0 0 2 8 4 9 . 2
21 6 5 0 0 0 9 2 6 . 0
2 2  • 2 1 0 0 0 0 2 9 9 1 . 7
2 3 1 0 8 7 0 0 1 5 4 8 . 5
24 7 0 0 0 0 9 9 7 . 2
2 5 1 0 2 0 0 0 1 4 5 3 . 1
2 6 6 0 0 0 0 8 5 4 . 8
2 7 9 5 0 0 0 1 3 5 3 . 4
DSP = th e  p o r t i o n  o f  th e  e s t im a te d  demand f o r  g a s o l in e  i n  th e  
® s tu d y  a r e a  a l l o c a t e d  to  th e  g th  Demand S a t i s f y i n g  P o i n t ,
D = th e  e s t i m a te d  demand f o r  g a s o l i n e  i n  th e  s tu d y  a r e a ,  and
Sg = th e  s i z e  o f  th e  g th  DSP (sh o p p in g  c e n t e r )  i n  sq u a re  f e e t .
The a l l o c a t e d  demand f i g u r e s  a r e  c o n ta in e d  i n  t a b l e  23 above.
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d) The R e c ta n g u la r  D is ta n c e s
Between th e  DGPs and th e  DSPs.
Using th e  C a r te s i a n  c o o r d in a te s  o f  th e  DGPs and th e  DSPs c o n ta in e d
in  t a b l e s  20 and 21, r e s p e c t i v e l y ,  th e  r e c t a n g u l a r  d i s t a n c e s  betw een
each  DGP and DSP were o b ta in e d  as  fo l lo w s :
where d i s  th e  r e c t a n g u l a r  d i s t a n c e  betw een th e  k th  DGP and th e  g th
kg
DSP w i th  c a r t e s i a n  c o o r d in a t e s  (X ^Y ^) and r e s p e c t i v e l y .
The A l lo c a t io n  o f  th e
DGPs to  th e  DSPs.
Using th e  in f o r m a t io n  o b ta in e d  above , th e  l i n e a r  programming 
prob lem  e x p re s s e d  i n  5 .1 2 - 5 .1 5  was fo rm u la te d  and so lv e d  u s in g  th e  
M athem atica l  Programming System  (MPS). The o b j e c t i v e  fu n c t io n  and 
r e l a t e d  c o n s t r a i n t s  a r e  l i s t e d  in  t a b l e  A 6 o f  ap p en d ix  A. However, 
in  o r d e r  to  red u ce  th e  s u b j e c t i v i t y  in v o lv e d  i n  s e l e c t i n g  th e  map 
l o c a t i o n  p o i n t s  o f  i n d i v i d u a l  DGPs, th e  random v e c t o r  c o n ta in e d  i n  th e  
l a s t  column o f  t a b l e  20 above was added and s u b t r a c t e d  from th e  c o o r d i ­
n a t e s  o f  th e  DGPs so  a s  to  form th e  fo l lo w in g  c o m b in a t io n s :
1. X -c o o rd in a te s  ( o r i g i n a l )  ; Y - 'co o rd in a te s  ( o r i g i n a l )
2. X -c o o rd in a te s  + Random V e c to r  ; Y -c o o rd in a te s  +  Random V ec to r
3. X -c o o rd in a te s  + Random V e c to r  ; Y - c o o rd ia n te s  -  Random V ec to r
4 . X -c o o rd in a te s  -  Random V e c to r  ; Y -c o o rd in a te s  +  Random V ec to r
5 . X -c o o rd ia n te s  -  Random V ec to r  ; Y -c o o rd in a te s  -  Random V e c to r .
Th is  h a s  r e s u l t e d  i n  f i v e  d i f f e r e n t  s e t s  o f  c o o r d in a t e s  f o r  th e  
DGPs, and c o n s e q u e n t ly ,  f i v e  d i f f e r e n t  o b j e c t i v e  f u n c t io n s  to  be minim­
iz e d  s u b j e c t  to  c o n s t r a i n t s  5 .1 3 - 5 .1 5  above . T h e r e f o r e ,  th e  above 
l i n e a r  programming prob lem  was fo rm u la te d  and s o lv e d  f i v e  d i f f e r e n t
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t im e s ,  each  tim e r e s u l t i n g  i n  a  new optimum s o l u t i o n .  The f i v e  optimum 
s o l u t i o n s  a r e  c o n ta in e d  i n  t a b l e  24 below . The l e t t e r  ’ A’ i n  th e  t a b l e  
s t a n d s  f o r  " a l t e r n a t i v e  optimum s o l u t i o n s " ,  w h i le  th e  f i g u r e s  in  th e  
body o f  th e  t a b l e  r e p r e s e n t  th e  amount o f  th e  demand f o r  g a s o l in e  a t  a 
g iv en  DGP a l l o c a t e d  to  ( o r  can be  s a t i s f i e d  a t )  th e  r e s p e c iv e  DSPs.
For exam ple, i n  th e  f i r s t  optimum s o l u t i o n  th e  e s t i m a te d  demand f o r  
g a s o l in e  i n  Census T r a c t  501 (DGP01 i n  th e  t a b l e )  can be s a t i s f i e d  a t  
o r  around shopp ing  c e n t e r s  DSP01, DSP02, DSP03, DSP17, o r  a co m b in a tio n  
t h e r e o f .
I t  can be i n f e r r e d  from t a b l e  24 t h a t  when a l t e r n a t i v e  optimum 
s o l u t i o n s  a re  c o n s id e r e d ,  th e  m a j o r i t y  o f  th e  DGPs have  c o n s i s t e n t l y  
been  a l l o c a t e d  to  th e  same DSPs. This  im p l ie s  t h a t  th e  a l l o c a t i o n  
p ro c e d u re  i s  n o t  v e ry  s e n s i t i v e  to  th e  s u b j e c t i v i t y  in v o lv e d  i n  th e  
s e l e c t i o n  o f  th e  p o p u la t io n  c e n t e r  p o in t s  o f  th e  r e s p e c t i v e  Census 
T r a c t s .
The f i g u r e s  c o n ta in e d  i n  t a b l e  24 below can be i n t e r p r e t e d  i n  
term s o f  th e  p r o b a b i l i t y  t h a t  th e  e s t i m a te d  demand f o r  g a s o l i n e  a t  
a  g iv en  Demand G e n e ra t in g  P o i n t  K w i l l  be  s a t i s f i e d  a t  a g iv e n  Demand 
S a t i s f y i n g  p o i n t  G. For i n s t a n c e ,  th e  e s t i m a te d  demand a t  DGP01 was 
a l l o c a t e d  to  p o i n t  DSP01 i n  f o u r  o f  th e  f i v e  optimum s o l u t i o n s ,  and 
to  DSP17 i n  one o f  th e  f i v e  optimum s o l u t i o n s .  T h is  can be i n t e r p r e t e d  
as  though th e  demand a t  DGP01 w i l l  be s a t i s f i e d  80% o f  th e  tim e a t  DSP01 
and 20% o f  th e  tim e a t  DSP17. The e x p e c te d  p o r t i o n  o f  th e  demand a t  
DGP01 to  be s a t i s f i e d  a t  DSP01 and a t  DSP17 i s ,  t h e r e f o r e ,  e q u a l  to  
( 2 7 .1 5 ) ( 0 .8 0 )  = $21.72 and ( 2 7 .1 5 ) ( 0 .2 0 )  = $ 5 .4 3 ,  r e s p e c t i v e l y .
T able  24
F iv e  Optimum S o lu t io n s  to  th e  A l lo c a t io n  
o f  th e  DGPs to  th e  DSPs.
EBP01 EBP02 D6P03 BCTO* DGP05 CGP06 CGP07 CGT08 BKP09 0GP10 0PP11 r e p  ip r e p i3  r e p ib BGP15 r e p i6  ETplT
B s r e i / i A A A • • • • 2 7 .1 5
/7 77 15 A A . . . . A
/3 77 15 . . . . .
/k 77 15 . « . . . .n 77 15 • • . *
DCT07/1 755 00 A * .0 9 . . . . A
/ 7 A A • .  • . 7 5 0 .AO
/3 13 756 .76 . . . . . .
/ k 6o: 5k 156.35 . . . . . .
/ 5 777 85 37.0k * . *
ICP03/1 1 1 9 7 .kO 110.09 . . . . 756 .7b
/7 777 85 156.35 A . . . .  1*75.02
/3 k35.6k 1139.70 .  ♦ » • 78 1 .8 8
/k 17k 31 . *1*.9B . . . . 1810.00
« 1160 .36 1139.70 A A 5 9 .1 6
BCPOk/1 # 72 * .7 2 . . . . An * A • • • • 72 * .7 2n 77k 7? . . . . . . .
/ k . 72* .72 . . . . A
/ 5 - A A A A I  72*!t2 A
DCP05/1 . . A 11*6. T5n . . . ■ • • - ! 11*6 .7 5n . . 11*6.75 A A .
/k . . 755 .22 A 391 .53 .
/5 * • A A l lk 6 .7 5  .  A •
SCP06/1 . . 1685 .13 8 2 3 .9 9 .
/7 . . 1221.66 A 9 7 9 .3 8  .  A 308 .08
/3 . . 5 3 8 .3 8 # 82 7 .9 3 .  11*2.8 1
/k . . 9 2 9 .9 1 A A *0 0 .8 0
/5 * * 730 .16 3 5 7 .9 8 1 H 7 .5 5  - A 3 *3 •
DCP07/1 . . # • . * .  2158 .5 8
/7 * 1 139.70 . . . . . 1018.88
/ 3 . . # # . .  1* 16. 6*
/ k . . • 2158 .5 8
/5 • A A * 160!85 .  1007.73
U0TO8 /1 . # . . . . .  1036.05
/2 1036.05 A . . . . A
/ 3 . . . . . . .  1036.05
/k 1036.05 . . . . . .
/5 . . A A . 1036 05 A
DCP09/1 . . . . 2*02.*©
/7 . . . . . . 2 * 0 ? .* 0
/ 3 . # # . 2*07 .* 0
/k 2*02 .* 0
/5 • • • • 2*02 .*0
B c n o / i . . . , 1 2** .lB .n . . 688 .55 , , , . 5 5 5 .6 3 A
/ 3 . . # # . . . l ? * * . lB .
/k . . # 9 * 5 .8 3 . 2<a8.35 .
/ 5 • - - . 1 2 * * .l8
BGP11/1 . . 1082 .70 **7 .*5n . . . . . . ! 1530.15
/ 3 # . . . . 1530.15 .
/ k # . A . . . . 1530.15 .
/ 5 . . . . . . . .  1530.15





























































C6P01 CGP02 CGP03 BGPOk BGP05 06P06 BE POT CPTOR tr r o ? ie p io  t c n i  r e n r r e m  t r n k ic r i5 r r n 6 r r m r r n B r c n ? rr r? o r e r ? i  dsp??  t r r ? 3  rep?* re r?5  rep?6 rep?7 SOM
DGP12/1 .  19^7.57 . . . . 19*7.57
n A A . .  19k7.57 A A A 19*7.57
/3 .  19^7.57 A . . . . . . . 19*7.57
/k ♦ 19^7.57 A . . . . . A 19*7.57
/5 A A • .  19*7.57 A A * 19*7.57
D0P13/1 , , , A . . 7 .97 716.75 7?*.7?
/2 A A A 721.72 A A A 7?*.7?
/3 • • • 72k .72 . . . . . . . . 7?*. 7?
A • . • A 72k.72 • A . . A 7?*.7?
/5 . 72k.72 • . • • 72*.7?
W Plk/1 • • • . . . . . . . . 158k.02 158*.92
t z . .  .  A A 158k,92 A A A A 158*.92
/3 .  .  • 357.98 1226.9k • • • • . . . 158*.92
A • • • 136.87 lkltB.05 . . . . . . 15B1.9?
/5 .  1192.78 A A 392.1* A A • 158*.9?
DCP15/1 • « • . 593.56 .  1828.50 A . . A 2 *2 2 .06
n .  2 k ll .0 k A A 11.02 A A A 2*2 2 .06
/3 . . . . . . 712.30 . 566.56 U k3.20 2*2 2 .06
A • • . . . 712.30 509.*3 57.13 U k3.20 . 2*2 2 .06
/5 .  1709.76 A A 712.30 A . A A • 2*2 2 .06
ucra fi/i 4 • • . . 712.30 797.67 ” 1509.97/2 • • • • • • 712.30 705.09 92.58 A . 1509.97
/3 • A 509A3 . 1000.5* , . . 1509.97
/k . . . • . . 1509.97 . . 1509.97
/5  • * • • A 527.62 982.35 • 1509.97
DGP17/1 • . . .  53*3.99 . A A 53*3.99/2 • . • • .  53*3.99 . . . . 53*3.99
13 • ♦ • • • A .  53*3.99 , 4 . . 53*3.99
/k • • • • . • . 53*3.99 . . . . 53*3.99
/5 • • • 926^00 .  **17.99 * • • 53*3.99
TCP10/1 . . . , . . .  1567.10 k26.k5 1016.32 A 3011.8712 • • • 39k. 15 • A 1*7*.52 111*3.20 A 3011.87
13 • • • . . . 20.17 .  2991.70 3011.87
A • • • • • .  3011.87 . . . 3011.87
/5 • • * . • 3011.87 3011.87
5CP19/1 • . . . . . 2830.kfl 2839. *8
/2 . • • • . . 2839.k8 2839. *8
/3 . . . • . . . 283*. kft 2839.*8
/k • • • • • . . . . . . 2839.k8 2839.*8
/5 . * ■ . - 2839.k8 2839.18
DCT20/J . . . . . A 2087.07 2987.07
/2 • . . • . . . 2937.07 2987.07
/3 • . . . . . . . . . 2007.07 A 2987.07
/k . . . . . . . . . 2087.07 A 29B7.07
/5 . - • . • A 2535.23 k51.6k 2987.07
DCT21/1 . . . . . 2250.25 2250.25
/2 . . . . . . . . . 2250.25 . 2250.25
/3 • . . . . . . 22V).25 . 2250.25
/k . . . . . . . . 2250.25 . 2250.25
/5 * - . * * 2250.25 A 2250.25
DGP22/1 . k00.B7 1709.50 2.00 2112.16
/2 . . . . . . . . . 1700.50 2112.16
/3 . . . . . . . . . . . . 967.56 200.10 85*.80 85*ia 2112.16
/k . . . . . . . . . . . . 531.16 1581.30 2112.*6




(c o n td . )
tETOl tSFO? EBTO3 IET01 BSP05 16706 C6P07 DSP08 BPr09 r r r i o t s r n r m z c o n  3 r r n k r r r i5 r r n 6 r r r n t r n B c r n o CGT70 t o m DCP2? crr?3 t r r ? l DC 775 CGP26 CGP77 SUM
c c r e j / i . k91 07 20kO 20 3311.07n . . . 15fl| yy 1759 77 3311.07n . . A 8 7 .7 2 kok IS pRkg 20 . 3311.07
/k . . 5 2k .12 2816 95 33H .07
- * * k91 07 20kO 20 * * 3311.07
DCF21/1 . . 308.ko l?k .50 132.98
n . . A k 32.90 132.90n . . A k\* \90 . 132.98
/k . A kV.Qfi . . 132.98
n ■ • A k32.9fl • - 132.98
vcmn 997.20 1755.22 2752.12/i . . 997.20 A 75k.26 1000.96 2752.12
/3 926.00 , , *71.« 165.96 A 1180.09 A 2752.12
/k . . A 2752. k2 . 2752.12
/5 • * 997.20 A k?0.29 132k. 93 • 2752.12
B0F26/1 926.00 . 75k.26 1236.k8 2916.71n 926.00 . A 1990.7k 2916.71n . 2916.7k . . 2916.71
/k 926.00 . 1990.7k . . 2916.71
/5 A * 12k9.97 1666.77 • 2916.71
K P27/1 . 1267.79 99k .57 2262.36n A 22 h i .23 21.13 . . 2262.36n A 2262.36 A . 2262.36
/k A 1008.61 1253.55 2262.36
/5 A A 1336.36 92 6 .0 0 • - 2262.36
to re B /i . , A 527.5k 527.5kn A A A . A 527.5k 527.51
/3 A A A A 527.5k 527.5k
/k A A A A A 527.5k 527.51
/5 A A 527.5k • A • A 527.51
KK9/1 1125.31 A . 1020.96 2116.17n 1068 . ko 152.07 A . . 926.00 . 2116.17
/3 99k.57 130.9k A . 1020.96 2116.17
/k A 138k.fc9 A . k31.26 330.72 A . 2116.17n A 597.97 A • - 15k8.50 2116.17
S0P30/1 A 1 068 . ko 1361.66 A A A 926.00 . . 3356.06n A 3356.06 . . 3756.06
/3 73.83 # 2356.23 . . 926.00 . . 3356.06
A 1068 . ko # A . . 595.20 239.28 . lk53.10 3356.06
/5 • 1068 . ko . 2287.66 * • • • 3356.06
DCP31/1 A A 1108.67 A . 1153.10 1055.00 3616.66n 58k .1? 52?.?6 1057 18 . . 1153.10 3616.66n # 831.2k 1332.32 . . H 5 3 .1 3616.66
/k 997.20 13k?.9k 1276.52 . . 3616.66
n . • . . 111k.05 0k6.?3 • - 1153.10 202.38 3616.66
DCF32/1 A 1007 3k . 851.80 208.31 2210.15
/2 3? 25 # . 851.80 1353.10 2210.15
/3 887 05 . 1353.10 2210.15
/V 32 25 . 851.00 1353-10 2210.15
/5 • . . 1009 k3 - • 1151.02 2210.15
DCP 1<0/1 1871.68 . # A 997.20 2868.88n A A 850.72 A . 1020.96 907.70 2868.08
/3 A A 1871.68 A . A 907.20 2068.88
/k A A 850.72 A A 1020.06 907.20 2060.88
/5 A 179S.33 76.35 A A 007.20 2868.88






T able  25 below  c o n ta i n s  th e  amounts o f  th e  demand f o r  g a s o l in e  
a t  th e  r e s p e c t i v e  DGPs e x p e c te d  to  be s a t i s f i e d  a t  c e r t a i n  DSPs and
th e  c o r r e s p o n d in g  p r o b a b i l i t i e s  computed from t a b l e  24 above.
The C l u s t e r i n g  o f  Demand P o i n t s .
As shown i n  t a b l e  25 be low , th e  m a jo r i t y  o f  Demand G e n e ra t in g  
P o in t s  have been  a l l o c a t e d  to  a  s m a l l  number o f  Demand S a t i s f y i n g  
P o in t s  such  a s  p o i n t s  DSP01, DSP06, DSP11, DSP15, and DSP17. T h is ,  
how ever, p r o v id e s  th e  b a s i s  f o r  seg m en tin g  th e  m arket a r e a  i n t o  a 
number o f  s m a l l  subm arke t a r e a s  w hich can  th e n  be  e f f i c i e n t l y  s e a rc h e d  
f o r  p o t e n t i a l  o u t l e t  l o c a t i o n s .  • One such  s u b a r e a ,  which w i l l  be
c o n s id e r e d  in  a l a t t e r  exam ple, i s  shown i n  f i g u r e  31 below . I t  con­
s i s t s  o f  Census T r a c t s  501-511 w hich have been  a l l o c a t e d  to  Demand 
S a t i s f y i n g  P o in t s  (sh o p p in g  c e n t e r s )  DSP01, DSP02, DSP03, DSP04, DSP05, 
DSP06, DSP11, DSP15, DSP17, and DSP18. O th e r  segm ents  o f  th e  m arket 
a r e a  can s i m i l a r l y  be  i d e n t i f i e d .
2 . E s t im a t in g  th e  R eq u ired  Number 
o f  G a so l in e  R e t a i l  O u t l e t s .
Once th e  m arke t a r e a  i s  segm ented  i n t o  s  subm arket a r e a s ,  th e
n e x t  s t e p  i n  th e  a n a l y s i s  i s  to  e s t i m a t e  th e  demand f o r  g a s o l i n e  i n
each  s u b a r e a  u s in g  th e  fo l lo w in g  fo r m u la : ,
D. = SUM Q. s —1 , 2 , . . . ,  <. G,
13 k & g  kg 
i n  c l u s t e r  s
where Q = th e  amount o f  t r a c t  k ' s  demand a l l o c a t e d  to  demand 
® s a t i s f y i n g  p o i n t  g ,
D^s  = th e  e s t i m a te d  demand i n  c l u s t e r  s o f  m arke t a r e a  i ,  




























Amount and Percentage o f  Demand a t  the 
DGPs A llo ca ted  to the DSPs
rep o i D6P02 ZCP03 DSPOl DGTO5 dppo6 tep07 CGP0B EGP09 ts p io  E c ru EGP12 DRP13 ETPll r r  pi 5 rn n f l DRP17 n r r i 0 t rp io rr.P20 DGP21 WP2? DTP? 3 DGP71 CCP25 C6P26 BEP27 SUM
21.72
8 0 .0 0
• *
-
* • * 5 .1 3
20.00
. . . . .
. . . . .
27.15
100.00
klT .90 109.03 0.98 , # 151.90 759.09
100.00
55.00 21.88 0.13 • • • * 20.00
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• • 1021.05 71.59 809.77 . , 0 .6 9 370.36 235.67 . . .  2509.12
• • 10.69 2.85 32.27 • 0.027 11.76 9.39 100.00
• 227.91
10.56
• • • ■ 32.17
1.19
1750.08





l l l . l 2 . . . . 207.21 111.12 1036.0510 .00 • • * *• ■ 20.00 1 0 .0 0 100.00
. . . . . • . 2192.10 . 2192.10
• • * ‘ • • 100.00 100.00
. • 326.00 . , , 66 8 .1 7 210.03 1211.10
* • 26.27 • * 53.73 20.00 100.00
• . 216.51 , . # 701.55 61 2 .0 6 1530.15
• • 11.15 • * 15.85 10.00 100.00
. 1168.51 7 7 9 .0 3 . 1917.57
* • 6 0 .0 0 - * 1 0 .0 0 • 100.00
. . 289.89 111.91 116.51 H 3 .3 5 721.72
• • 1 0 .0 0 20.00 20.22 19.78 100.00
230-55 98.97 851.98 70.13 31 6 .9 8 1501.92
• 15.05 6.21 53.76 1.95 2 0 .0 0 • 100.00
821.16 m 118.71 127 38 169.60 121.71 157.28 2122.06
31.03 * 1.90 17 61 19.10 5.15 10.88 * 100.00
* # 101.89 281 92 300.55 626.11 196.17 . 1509.97
' • 6.75 18 87 19.90 11.17 13.01 * 100.00
. 185 20 .  5158.79 . 5313.99
- • 3 16 96.51 • 100.00
78.83 # # 602.37 600.32 313-93 010.07 590.31 .  3011.07
* - 2 .6 2 • 20.00 20.20 10.12 2 6 .9 0 - 19.06 100.00
. 2839.18 . 2039.18
- * * * • 109.00 • 100.00
597.l l 2209.29 90.37 . 2987.07




SGP01 EBF02 DGP03 DGP04 EGP05 SGFOo DGP07 mpoa DGP09 tCPID DSP11 ten;
DGP21
* . . . .
DGF22
* . . . .
DGP23
* . . . .
OCP24
S . . . • • •
DGP25
* . . . 185.20 .  91.. 33 6 .73  .  3.*2
DCP26
* . . . 555.60 . 1382.3k 19.05 .  *7.39
DCP27
* . . .
.  1356.0* 721.12 
59.9* 31.87
DGP2B
* . . . 105.5120.00
DCP29
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* . . . .
DC?40 .  .  ‘
* . . . 359.06 1 10*.23  12.52 38 .*9
B t*  7 5 5 .0  1192.il 1 1 3 9 .7  36 3 2 .7  1 0 6 2 .7  2 5 6 4 .3  1 0 6 8 .4  7 1 2 .3  9 2 6 .0  2 3 9 3 .3  12960 .3  1567.
Table 25
(con td .)
13 cr.r i* IEP15 K P l6  EGP17 B6P18 1CP19 C6P20 D6P21 06P22 OTP? 3 t£P2* C6PP5 DRP26 DBP27 SUM
2250 .25 2250.25
100.00 • * 100.00
160.77 1235.07 3T*.70 . 3*1.92 2 112.*6
7 .6 1 5 6 .* 6 17.7* • - 16 .19 100.00
1 0* .8 ? 17 .55 593 .8*  262* .86 33*1.07
3 .1* 0 .5 3 1 7 .7 7 7 8 .5 6 • * 100.00
6 1 .6 8 371.30 *32 .98
1 * .?5 85 .75 • * 100.00
631 .51 * 7 * .6 6 1366 .70 2752.*2
22 .9* 17 .2* *9-65 • 100.00
9 70 .80 . 2916.7*
3 3 .56 - 100.00
18 5 .2 0 . . 2262 .36
8 .1 9 • • 100.00
* 2 2 .0 3 527. 5*
• 8 0 .0 0 1 00.00
8 6 .2 5 251 .3* 7 1 8 .0 8 21*6.*7
* .01 1 1 .7 1 * 33 .*5 1 00.00
*89 .* 6 *7 .85 290-62 3356.06
1 * .5 6 l . * 3 • 8 .6 6 1 00.00
365.69 1096.56 5 2 9 .0 0 21 1 .* * 1162.*8 251 *9 3616.66
1 0 .11 3 0 .3 2 1 * .6 3 5 .8 5 • - 32.1* 32 1* 100.00
6 1 2 .7 7 1 2 .9 0 572 .88  U 01 90 22*0.*5
2 7 .3 5 0 .5 8
;
*08 .38 9 97 .20
2 2 .8 9 *9 18 100.00
2668.88
* 1 * .2* 3*. 76 100.00
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As an exam ple, l e t  us c o n s id e r  th e submarket area  con ta in ed  in  
th e shaded area  o f  f ig u r e  31 above. The subarea c o n s is t s  o f  11 c o n tig ­
uous Census T ra c ts . The t o t a l  e st im a ted  demand fo r  g a s o lin e  in  th is  
area can be c a lc u la te d  as fo llo w s :
D = Q0 1 ,0 1 *
iHo
O’+ + Q02 ,0 1 + Q0 2 ,0 2 + Q0 2 ,0 3 + Q0 2 ,1 7 + Q0 3 ,0 1
+ Q0 3 ,0 2
+ Q
0 3 ,0 3 + Q0 3 ,1 7 + Q0 4 ,0 1 + Q0 4 ,0 3 + Q0 4 ,11 + Q 0 4 ,1 7
+ Q05 ,0 4 + Q05 ,0 6 + Q0 5 ,1 7 + ^06,04 + ^06,05 + Q06 ,06 + Q0 6 ,1 2
+ Q0 6 ,1 7 + Q0 6 ,1 8 + Q0 7 ,0 3 + Q0 7 ,1 3 + Q0 7 ,1 7 + Q0 7 ,1 8 + Q0 8 ,0 2
+ Q0 8 ,1 2 + Q0 8 ,1 7 + Q09 ,1 7 + Q10,05 + Q10,15 + Q10,17 + ^11,05
+ Q 11,15 + Q 11,17 •
Or, by s u b s t i t u t in g  the v a lu es  o f  th e Q^g's from ta b le  25 above,
D = 21 .72  + 5 .4 3 + 4 1 7 .9 0  + 189 .03  + 0 .9 8  +  151.98 + 170.43  
+ 588 .95  + 6 2 0 .8 9  + 978 .96  + 144.95 +  289 .89  + 144.94 + 144.94  
+ 380.39 + 537 .01  + 229.35  + 1021.05 + 71.59 + 809 .77  + 0 .69
+ 370.36 + 235 .67  + 227.94  + 32 .17  + 1750.08  + 148 .38  + 414 .42
+ 207.21 + 414 .42  +  2492.40  + 326 .88  + 66 8 .4 7  + 248 .83  + 216.54
+ 701.55 + 612 .06  = 1 5 ,9 8 8 .2 2  thousands of dollars.
Given the e stim a ted  demand fo r  g a s o lin e  in  each submarket area , 
the approxim ate number o f  r e t a i l  o u t le t s  needed to  meet the demand in  
each subarea can then be determ ined by d iv id in g  the exp ected  demand 
in  each subarea by the "optimum" s i z e  o f  a g a so lin e  r e t a i l  o u t le t .
Based on th e  em p ir ica l c o s t  a n a ly s is  conducted in  chapter two above, 
such an optimum s i z e  was found to  correspond to  an average s a le s  volume 
o f  42 ,560  g a llo n s  per month, or an approxim ate y e a r ly  s a le s  volume o f  
$407,320 , 162
* ^ S e e  ta b le  11, page 165 above.
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U sing th e above f ig u r e s ,  th e approxim ate number o f  g a so lin e  r e t a i l  
o u t le t s  req u ired  to  meet the demand in  th e submarket area  con sid ered  
above i s :  (1 5 ,9 8 8 ,2 2 0 ) /(4 0 7 ,3 2 0 )  = 40 o u t l e t s .
S im ila r  procedures can be a p p lied  to  o th er  c lu s te r s  found in  the study  
a rea .
3. L ocatin g  the R e ta il  O u t le t s .
The n ex t s te p  in  the L o c a t io n -A llo c a tio n  procedure i s  to determ ine  
the optimum lo c a t io n s  o f  the computed num ber'of o u t le t s  based on the  
lo c a t io n a l  c r i t e r i a  d isc u sse d  in  ch ap ter th ree  above. This i s  a ch iev ed , 
i t  i s  r e c a l le d ,  by s o lv in g  the fo llo w in g  n o n lin ea r  programming problem . 
Given k demand g en era tin g  p o in ts  w ith  th e ir  known co o rd in a tes  
(X^,Y^) each w ith  demand requirem ent DGP ,̂ and g iven  n g a so lin e  
r e t a i l  o u t le t s  to  be lo c a te d  each w ith  c a p a c ity  l im i t  S  ̂ ( s i z e ,  and i s  
equal to  $407,320 in  y e a r ly  s a le s  volum e). Find (X j,Y ^ ), the lo c a t io n  
co o rd in a te s  o f  the jth . o u t l e t ,  and ^ , the amount o f  p o in t k 's  demand 
a llo c a te d  to  o u t le t  j ;  k = l , 2 , . . . ,  K; j = l , 2 , . . . ,  n; so  as to
k=K j=n
M inim ize Z » SUM SUM W |x. -  X. | + |Y -  Y |   5 .16
k= l j = l  K 2 K J
S u b ject to
k=K
SUM W. .< S . j = l , 2 , . .  . ,  n ,  5 .1 7
k= l * 2~  J
j=n
SUM W > DGP . k= 1 , 2 , . . . ,  K,  5 .1 8
j  = l  3
and X , Y , W > 0  fo r  a l l  k and j . ..........5 .1 9
j j k j=
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The above problem i s  a convex programming problem: a s p e c ia l
163ca se  o f  n o n lin ea r  programming problem s. I t  d i f f e r s  from the l in e a r
programming problem s ta te d  in  5 .1 2 -5 .1 5  above in  th a t both the w e ig h ts , 
Wj .̂, as w e l l  as the lo c a t io n  c o o r d in a te s , (X^,Y^), are unknown. In 
a d d it io n , the p resen t co n stra in ed  m in im ization  problem i s  com p licated  
by the presen ce  o f  d is ta n c e  terms w ith  a b so lu te  v a lu e s . N o tw ith stan d in g , 
however, tech n iq u es fo r  .handling a b so lu te  v a lu es  by m athem atical pro­
gramming have been developed  m ainly in  co n ju n ctio n  w ith  the problems
164o f  approxim ating fu n c tio n s  w ith  norms.
163 For a proof o f  the co n v ex ity  o f  the o b je c t iv e  fu n ctio n  se e  
Robert F. Love, "A Note on the C onvexity o f  the Problem o f  S i t in g  
D epots,"  The I n te r n a t io n a l Journal o f  P rodu ction  R esearch, V ol. 6 , N o .2 
(1 9 6 7 ), 153-54 .
164 See fo r  exam ple, George 0 . Wesolowsky and Robert F. Love, "The 
Optimal L oca tion  o f  New F a c i l i t i e s  U sing R ectangular D is ta n c e s ." ;  
------------- , ----------- , "A n o n lin e a r  Approxim ation Method fo r  S o lv in g  A Gen­
e r a l iz e d  R ectangular D ista n ce  Weber Problem ," Management S c ie n c e , V ol. 
18, No. l l ( J u l y ,  1972)., 656-63; Robert F. Love, "The Dual o f  a Hyper­
b o l i c  Approxim ation to  th e  G en eralized  M u lt i -F a c i l i ty  L ocation  Problem  
With Lp D is ta n c e s ,"  Management S c ie n c e ,V o l. 21 , No. l(S ep tem ber, 1974), 
22 -3 3 . U su a lly , the g en era l L -d is ta n c e  fu n c tio n  i s  exp ressed  as 
f o l lo w s :------------------------------------- ^
L et X and Y be two p o in ts  in  an n -d im en sio n a l sp a ce , X = ( x , ,  
X2 , . . . ,  Xjj) , and Y = , y 2 * • • • >  Yn) > th e Lp-D is ta n c e  between X and Y
i s  g iv en  by
i=n . ,p 1/p
Lp ( X - Y )  = (SUM [Xi -Y± I ) p > 1 . For p=l ,  and
p=2 we have i=n i=n  2  h
Li (X -  Y) =(SUM |X .-Y , | ) ,  and L , ( X - Y )  =(SUM | x . -Y . | ) ,i = l  i  x i. i= l  ■L
which are the rec ta n g u la r  and th e E uclidean  d is ta n c e s ,  r e s p e c t iv e ly .  
Other d is ta n c e  fu n c tio n s  have been approxim ated fo r  d if f e r e n t  v a lu es  
o f  p . For a d e r iv a t io n  o f  th ese  fu n c tio n s  s e e  Kalaya K alayanam it, "The 
A p p lica tio n  o f  C onjucate F unctions in  the Dual Programs o f  L ocation  
Problem s," (Ph.D. D is s e r ta t io n , the U n iv e r s ity  o f  W isconsin-M adison, 
1976), Chapter One; Robert F. Love, and J . G. M orris, "Modeling I n te r ­
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I t  can be shown, however, th a t the p re se n t L o c a t io n -A llo c a tio n  
problem i s  a g e n e r a liz a t io n  o f  th e  more r e s t r ic t e d  a l lo c a t io n  problem  
d isc u sse d  in  5 .1 2 -5 .1 5  above. This i s  so  s in c e  i f  th e lo c a t io n s  o f  the  
new r e t a i l  o u t le t s  were known, then t h e ir  c o e f f i c i e n t s  ( | x ^ - X^ . | +
| — Yj | ) would a ls o  be known, and the p r e se n t problem would be reduced  
to th a t o f  a tr a n sp o r ta tio n  problem: a s p e c ia l  c a se  o f  l in e a r  program­
ming problem s.
A more in t e r e s t in g  ca se  would a r i s e ,  how ever, i f  th e w e ig h ts  -
i . e .  th e W ' s  -  were known, and i f  each o f  the Demand S a t is f y in g
P o in ts  was co n sid ered  in  the p rocess o f  determ in in g  th e  optimum
lo c a t io n s  o f  th e req u ired  number o f  r e t a i l  o u t l e t s .  In th is  c a se  the
c a p a c ity  as w e l l  as the demand requirem ent c o n s tr a in ts  become in a c t iv e ,
and the p resen t problem becomes one o f  m in im izing the sum o f  w eighted
d is ta n c e s  between th e  lo c a t io n  p o in ts  o f  the new f a c i l i t i e s  and th ose
o f  the e x i s t in g  Demand G enerating and Demand S a t is f y in g  P o in ts :  an
165
u n con stra in ed  m in im ization  problem.
The in c lu s io n  o f  the DSPs in  the above problem i s  j u s t i f i a b l e  
on th e  ground th a t , s in c e  shopping c en te r s  were co n sid ered  in  segm enting
c i t y  D ista n ces  by M athem atical F u n ction s,"  O p era tion a l R esearch Quar­
t e r l y , V ol. 23, No. 1 (1 9 7 2 ), 6 1 -9 .
165 For a d is c u s s io n  o f  un con stra in ed  m in im ization  problems in v o lv ­
in g  rec ta n g u la r  d is ta n c e s  s e e  Roger C. V erg in , and Jack D. R ogers, "An 
A lgorithm  and Com putational Procedure fo r  L ocatin g  Economic F a c i l i t i e s ,"  
Management S c ie n c e , V o l. 13, No. 6(F ebruary, 196 7 ), B240-B254; A. B. 
P r it s k e r ,  and P. M. Ghare, "L ocating New F a c i l i t i e s  With R espect to  
E x is t in g  F a c i l i t i e s ,"  AIIE T ra n sa c tio n s , V o l. 2 , No. 4 (December, 1970), 
290-97; Richard L. F r a n c is , "A Note on the Optimum L ocation  o f  New 
Machines in  E x is t in g  P la n t L ayouts,"  The Journal o f  I n d u s tr ia l  Engine­
e r in g , V ol. 14, No. 1(January-February, 196 3 ), 5 7 -9 .
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the market area in to  a number o f  submarket a r e a s , then i t  i s  on ly  
l o g i c a l  to  r eco n s id er  th ese  p o in ts  in  the p ro cess  o f  f in d in g  optimum 
o u t le t  lo c a t io n s  w ith in  the r e s p e c t iv e  su b areas. B e s id e s , such a 
procedure would h e lp  in su r e  th a t the r e s u lt in g  optimum lo c a t io n s  s a t i s f y  
th e lo c a t io n a l  c r i t e r i a  o f  c e n t r a l i t y  and i n t e r c e p t i b i l i t y .
The V alues o f  the ^1s .
The q u a n tity  was d e fin ed  as the amount o f  the e stim a ted  demand
fo r  g a s o lin e  a t the kth DGP a l lo c a te d  to  the j t h  o u t l e t .  S in ce  the
c a p a c ity  ( s i z e )  o f  each r e t a i l  o u t le t  as w e l l  as the demand requirem ent
a t  each DGP are known, and s in c e  the a l lo c a t io n  c r i t e r io n  c a l l s  fo r  a
minimum w eighted  d is ta n c e  between the so u rces  o f  'demand' and the
so u rces  o f  's u p p ly ' ,  th e r e s p e c t iv e  v a lu es  o f  th e  W, ' s  can, th e r e fo r e ,
kj
be determ ined by e x h a u s t iv e ly  a l lo c a t in g  the e stim a ted  demand a t  the  
in d iv id u a l DGPs to  th e  n e a r e s t  group o f  o u t le t s  a s s o c ia te d  w ith  th e DSP 
to  which the in v o lv ed  DGPs were o r ig in a l ly  a l lo c a t e d .  Put another way, 
the amount o f  demand in  a g iv en  submarket area  a s s o c ia te d  w ith  a g iven  
.DSP, DSP^g, i s  f i r s t  su b d iv id ed  in t o  DSP^/S^ supp ly  p o in ts  ( o u t le t s )  
each w ith  a supply  c a p a c ity  o f  S^. N ext, th e demand requirem ents a t  
each DGP o r ig in a l ly  a ss ig n ed  to  th e su b d iv id ed  DSP are a l lo c a te d  to  
th o se  o u t l e t s .
As an exam ple, c o n s id e r  th e demand a t  th e  Demand S a t is f y in g  P o in t  
DSP01 which i s  found in  ta b le  25 above to  be eq u a l to  $755.00  . The 
l a t t e r  f ig u r e  can be su b d iv id ed  in t o  7 5 5 .0 0 /4 0 7 .3 9  = 1 .85  o u t l e t s .
That i s ,  $407.39  o f  the $755.00  c o n s t i t u t e  th e supply  c a p a c ity  o f  the
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f i r s t  g a s o lin e  r e t a i l  o u t l e t ,  w h ile  the rem aining $347.61 make up the  
supp ly  c a p a c ity  o f  a second r e t a i l  o u t le t  shared by DSP02. S in c e , as  
in d ic a te d  in  ta b le  25 above, p o r tio n s  o f  the demand requirem ents o f  
DGP01, DGP02, DGP03, and DGP04 have been a l lo c a te d  to DSP01, the same 
p o r tio n s  w i l l  a ls o  be a l lo c a te d  to  the o u t le t s  a s so c ia te d  w ith  DSP01 
in  such a way so  as to  exhau st the supply c a p a c ity  o f  the f i r s t  o u t le t  
and p art o f  the supp ly  c a p a c ity  o f  the second o u t le t .  Such an a l lo c a t io n  
procedure i s  then rep eated  u n t i l  a l l  o f  the DGPs are a l lo c a te d  to  the  
40 g a s o lin e  r e t a i l  o u t le t s  req u ired  to  meet th e demand in  th ose  p o in t s .
The above com pu tation al procedure was a p p lied  to  the submarket 
area  o u t lin e d  in  f ig u r e  31 above. The r e s u lt s  are co n ta in ed  in  ta b le  
26 below . The f ig u r e s  in  the body o f  the ta b le  are th e w e ig h ts  - i . e .  
the W^jS -  , w h ile  th o se  con ta in ed  in  th e  " size"  column are the p o r tio n s  
o f  th e  supp ly  a v a i la b le  a t  the r e s p e c t iv e  DSPs. They c o n s t i tu te  the  
supply  c a p a c ity  o f  th e  r e t a i l  o u t le t s  a s so c ia te d  w ith  th o se  p o in t s .  
H en ceforth , the l a t t e r  q u a n t it ie s  w i l l  be denoted by the symbol W ^ : 
the amount o f  p o in t g ’ s supply a ss ig n ed  to  the j t h  g a s o lin e  r e t a i l
- i  -  166o u t l e t .
* ^ T h is  im p lie s  th a t each Demand S a t is f y in g  P o in t w i l l  be co n s id ­
ered  a dummy supp ly  p o in t  w ith  C artesian  co o rd in a te s  (X ,Y ) .
8 8
Table 26 
The V alues o f  W, ,s
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Ko. SIZE DGP01 JX3P02 DGP03 DOPOl* DGP05 DGP06 DGP07 DGPOe DGP09 DGP10 DGP1
ESPD1 01 0011 1107.39 21.72 385.67 • • • • • • • •
02 0012 3J47.61 32.23 170.1*3 11*1*. 95
DSP02 02 0012 59.78 59.78
03 0021 **07.39 129.25 278.11* • •
Ol* 0022 1*07.39 310.81 96 .58 • •
05 0023 317.81* 317.81* • •
DSP03 05 0023 89.55 0 .98 88* 57 • •
06 0031 »*07.39 1*07.39
07 0032 1*07.39 121*. 93 282. 1*6
08 0033 235.37 7.1*3 227.91*
DSPOl* 06 0033 172.02 172.02
09 OOlil 1*07.39 208.37 199.02
10 00li2 1*07.39 1*07.39
11 OOU3 1*07.39 1*07.39
12 OOlili 7-25 7.25
326!88DSP05 12 OOlli 1*00 . ll* 71.59 1
13 0051 21l*. 87 211*
DSP06 13 0051 192.52 192.52
lli 0061 U07.39 3>* >*.1*9 62 .90 • •
15 0062 1*07.39 1*07.39 • •
16 0063 339.1*8 339.1*8 ■ •
DSP07 • .  • • • • • ................
DSPOB . . • • • • ................ • • .
DSPO? • .  • • . . . . . .
DSP10 .  • • • • • ................
67 .91DSP11 16 0063 67.91
17 1101 77.03 77 .03
0 I69ESP12 17 1101 207.90 207.21
DSP13 17 1101 32.17 32*17
DSPlt • • • ■ • • • • • •
DSP15 17 U 01 90.29 90.29
18 1501 1*07.39 1*07.39
19 1502 1*07.39 170.79 236
20 1503 1*07.39 1*07
21 150*4 57.56 57
DSP16 , , • • • • • •
DSP17 21 1501* 31*9.83 5.1*3 151.98 192.1*2 • • •











































































(co n td .)
Ho. SIZE DGP01 D0P02 DGP03 DGPOl* DGP05 DGP06 DGP07 DGP08 K5P09 DGP10 DGP11
DSF17 32 1711 U07.39 • • • 107.39
cn td .
33 1712 1*07.39 . 107.39
31* 1713 1*07.39 . 107.39
35 1711 107.39 . 107.39
35 1715 107.39 . 107.39
36 1716 1*07.39 . 107.39
37 1717 1*07.39 . 77.21 218.83 81.32
38 1718 1*07.39 . • 107.39
39 1719 123.35 123.35
DSP16 39 1719 281.06 235167 i s !  39 •
10 l8 o i 100.00 . . . 100.00 •
sir. 15988.22 27.15 759.89 2359.23 721.72 1116.75 2509.12 2158.58 1036.05 2192.10 1211.18 1530.15
Optimum O u tlet L o c a t io n s .
Based on th e  above d is c u s s io n , the problem o f  determ ining the
optimum lo c a t io n s  o f  the g a s o lin e  r e t a i l  o u t le t s  req u ired  to  meet
the demand fo r  g a s o lin e  in  the submarket area d e lin e a te d  in  f ig u r e  31
above can g e n e r a lly  b e 's t a t e d  as fo llo w s :
* *
Find (X j,Y j) th e  lo c a t io n a l  co o rd in a te s  o f  th e  n new r e t a i l  f a c i l ­
i t i e s  so  as to  m inim ize
k=K j=n g=G j=n
Z = SUM SUM WkJ | - Xj | + |Yk - Y j | + SUM SUM W^IXg-Xjl + l ^ - Y ^ ,
where a l l  v a r ia b le s  are as p r e v io u s ly  d e fin e d .
As i t  has been m entioned b e fo r e , th e above w eigh ted  d is ta n ce  
fu n ctio n  i s  convex which im p lie s  th a t an optimum s o lu t io n ,  i f  one e x i s t s ,
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would correspond to a g lo b a l minimum s in c e  th ere  e x i s t  no lo c a l  minima.
A number o f  s o lu t io n  tech n iq u es and com putational procedures have 
so  fa r  been developed to  s o lv e  th e above u n con stra in ed  m in im ization  
problem. One such techn iq ue i s  based on the Median and i s  con sid ered  
below .
A S o lu tio n  Procedure Based
on the Median.
A u s e fu l  property  o f  th e above w eigh ted  d is ta n c e  fu n c tio n  i s  th a t  
i t s  terms are sep a ra b le  in  the X as w e l l  as in  the Y c o o r d in a te s , and 
hence the optimum va lu e  o f  each can be fou n d .w ith ou t r e fer en ce  to  the  
o th e r . Thus, the f i r s t  o f  the r ig h t-h a n d -s id e  terms can be ex p ressed  
as f o l lo w s :








j=l Wgj•v■Xjl + h g - v j l  = SUMg=l SUMj = l* g=G j=n
+ SUM SUM
g=l j = l
167 For th is  and o th er  s o lu t io n  te c h n iq u e s , s e e  Roger C. Vergin  
and Jack D. R ogers, "An A lgorithm  and C om putational Procedures fo r  
L ocatin g  Economic F a c i l i t i e s ,"  Management S c ie n c e , V o l. 13, No. 6 
(February, 1967), B240-B254; George 0 . W esolowsky, "L ocation in  Contin­
uous Space,"  G eographical A n a ly s is  (A p r il,  1973), 95 -112; ------------ , and
Robert F. L ove, "The Optimal L ocation  o f  New F a c i l i t i e s . . . , " ;  Richard  
L. F rancis and A. V ic to r  Cabot, " P ro p ertie s  o f  a M u l t i f a c i l i t y  L ocation  
Problem In v o lv in g  E u c lid ia n  D is ta n c e s ,"  Naval R esearch L o g is t ic  Quar­
t e r l y , V ol. 19, No. 2 (Ju ne, 19 7 2 ), 335-353; Richard L. Church and 
C harles S. R e v e lle , " T h eo retica l and Com putational L inks Between the 
P-Median, L ocation  S e t-C o v er in g , and th e  Maximal Covering L ocation  
Problem s," G eographical A n a ly s is  (O ctober, 197 6 ), 406 -415 .
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S in ce  the median o f  an ordered s e t  o f  v a lu e s  i s  such th a t the
sum o f a b so lu te  d e v ia t io n s  from i t  i s  a minimum, th e r e fo r e , the f i r s t
sum in  each o f  th e above two eq u a tio n s w i l l  be minimum w ith  X̂  a t  the
median v a lu e , and a l l  the W, . ' s  and W , ' s  are ordered in  the X d ir e c -
kj gj
t io n .  S im ila r ly , the second sum in  both  eq u a tio n s w i l l  be minimum
w ith  Y. a t  th e median v a lu e  and a l l  the W, , ' s  and W 's  are ordered  
j kj gj
in  the Y d ir e c t io n .  As a conseq uence, Z w i l l  be a minimum when the
co o rd in a tes  o f  the lo c a t io n  p o in ts  are a t the median v a lu es  ( X. , Y. )
1 1
j u s t  d e scr ib ed .
Depending on w hether the gum o f  the w e ig h ts  - i . e .  the W ^s and
the W .s -  i s  odd or ev en , the median o f  e i t h e r  X or Y v a lu es  may be 
gj
unique or l i e s  w ith in  a g iv en  range. This means th a t th e  corresponding
optim al o u t le t  lo c a t io n s  may l i e  a t  a p o in t , on a l i n e ,  or w ith in  an 
168area .
F o llow in g  th e com putational procedures d escr ib ed  in  n o te  B5-5 
o f  appendix B, the r e s p e c t iv e  w e ig h ts  r e la t in g  the DGPs and the DSPs 
to in d iv id u a l g a s o l in e - r e t a i l  o u t le t s  were arranged by order o f  
m agnitude, f i r s t  in  th e d ir e c t io n  o f  the X v a lu e s , and then in  the  
d ir e c t io n  o f  th e  Y v a lu e s .  The r e s u l t s  are con ta in ed  in  ta b le  A7 
o f  appendix A. Table 27 , on th e  o th er  hand, co n ta in s  th e optim al 
lo c a t io n a l  c o o rd in a te s  o f  the 40 g a s o lin e  r e t a i l  o u t le t s  computed as 
the v a lu es  o f  the X and Y co o rd in a tes  correspondin g to  t h e ir  r e s p e c t iv e
168See appendix B, n o te  B5-5 fo r  a d e r iv a tio n  o f  the computa­
t io n a l  form ula in v o lv e d  in  determ in in g op tim al o u t le t  lo c a t io n s .
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median c a te g o r ie s .
The optim al lo c a t io n a l  co o rd in a tes  o f  the 40 r e t a i l  o u t le t s  were
Table 27
Optimal Locational Coordinates
Station Number X-Coordinates Y-Coordinates
01 121-128 23
02 121 23
03 123 2 9 -  31)
04 123 31)
05 123 31)-37
0b 111)-123 2 9 -3 7







llj 9*)-108 3 2 -3 5
15 9l)-109 3 2 -3 5
16 94-109 3 2 -3 5
17 94-104 1)3
18 94-104 51)-65
19 ■ 94-104 51)-65
20 914-104 1)8-65
21 112 1)8-63
22 112-123 2 9 -6 3
23 112-117 2 9 -6 3

















p lo t te d  on a f in e  g r id  which was then superim posed on a geograp h ic  map 
o f  th e submarket a rea . The r e s u l t s  are co n ta in ed  in  f ig u r e  32 below  
which shows th e a r e a s , l in e  segm en ts, and p o in ts  where s t a t io n s  can be 
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4 . C on trastin g  Planned and A ctual 
O u tle t L o c a t io n s .
Once the optim al number and lo c a t io n s  o f  the r e t a i l  o u t le t s  
required  to meet th e demand fo r  g a so lin e  in  the submarket area are  
determ ined, the n ex t s te p  in  the L o ca tio n -A llo c a tio n  a n a ly s is  
procedures i s  to  compare them w ith  the a c tu a l number and lo c a t io n s  
o f  e x i s t in g  r e t a i l  o u t le t s  o p era tin g  in  th e submarket area under 
c o n s id e r a t io n .
In order to conduct such a com parison, the number and lo c a t io n s
o f  a c tu a l g a s o lin e  r e t a i l  o u t le t s  o p era tin g  in  the study area were
o b ta in ed  as fo l lo w s . F i r s t ,  a map o f  the stud y  area d e p ic t in g  e x i s t in g
te lep h on e exchange boundaries was o b ta in ed . N ext, s e r v ic e  s t a t io n s
w ith  te lep h on e numbers m atching th ese  boundaries were s e le c t e d  from
the Y ellow  Pages s e c t io n  o f  a r ec e n t e d it io n  o f  Southw estern B e l l ’ s
te lep h on e d ir e c to r y . In  a d d it io n , the s t r e e t  address and brand s o ld
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by each s t a t io n  were a ls o  recorded .
The in form ation  thus ob ta in ed  were p lo t te d  on a map o f  the stud y  
area d e p ic t in g  optimum o u t le t  lo c a t io n s  s im ila r  to  th a t shown in  f ig u r e  
30 above. The r e s u l t s  are shown in  f ig u r e  *33 below . On the o th er  hand,
* ^ I n  t h is  au th o r’ s  o p in io n , the te lep h on e  book rep re sen ts  th e  
b e s t  a v a ila b le  sou rce  o f  in form ation  on the stud y  a r e a 's  g a s o lin e  r e t a i l  
o u t le t  p o p u la tio n . For each s e r v ic e  s t a t io n ,  th e  e n tr ie s  under " S erv ice  
S ta tio n s"  l i s t e d  th e s t a t io n ' s  a f f i l i a t i o n ,  s e r v ic e s  perform ed, a d d ress , 
and, o f  co u rse , te lep h on e number. Caution must be e x e r c ise d  in  reco rd in g  
th ese  in fo rm a tio n , however, s in c e  many s t a t io n s  are l i s t e d  tw ic e :  once 
under th e ir  brand a f f i l i a t i o n ,  and once under the name o f  t h e ir  resp ec ­
t iv e  owner or  o p era to r .
F igure 33 
L oca tio n s o f  E x is t in g  G a so lin e  
R e ta i l  O u tle ts

Figure 33
F ig u re  33 
L o c a t io n s  o f  E x i s t i n g  G a so l in e  
R e t a i l  O u t l e t s
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f i g u r e  34 below shows th e  p la n n ed  and a c t u a l  o u t l e t  l o c a t i o n s .  There 
b o th  a c t u a l  and p la n n e d  l o c a t i o n s  can be v i s u a l l y  compared and a 
c o n c lu s io n  can be re a ch e d  as  to  th e  a r e a s  w here new o u t l e t s  can b e s t  
be l o c a t e d .  For i n s t a n c e ,  th e  low er r i g h t - h a n d - c o m e r  o f  f i g u r e  34 
below shows th e  p o t e n t i a l  l o c a t i o n s  o f  two g a s o l i n e  r e t a i l  o u t l e t s  
w ith  no o u t l e t s  b e in g  s p o t t e d  i n  c lo s e  p ro x im i ty  to  t h e s e  l o c a t i o n s .
I t  i s  w i th in  the  c o n f in e s  o f  t h i s  and o t h e r  a r e a s  w i th  s i m i l a r  
c o n d i t io n s  t h a t  a  m i c r o - a n a l y t i c  s e a rc h  p ro c e d u re  aimed a t  e v a l u a t i n g  
a v a i l a b l e  a l t e r n a t i v e  s i t e s  f o r  l o c a t i n g  th e  f i r m 's  r e t a i l  o u t l e t s  
i s  perfo rm ed .
S i t e  E v a lu a t io n  and S e l e c t i o n
P r o c e d u re .
As i t  h a s  been  s u g g e s te d  above, u n d e r - s e r v e d  subm arket a r e a s  - i . e .  
th o s e  h av in g  few er r e t a i l  o u t l e t s  th a n  o th e r w is e  d e te rm in e d  by th e  
m o d e l 's  p r o c e d u r e s -  a r e  c o n s id e re d  as h ig h  p o t e n t i a l  a r e a s  f o r  l o c a t ­
in g  new r e t a i l  o u t l e t s .  Once t h e s e  a r e a s  a r e  i s o l a t e d ,  they  a r e  
s e a rc h e d  f o r  f e a s i b l e  r e t a i l  o u t l e t  s i t e s .  I n  t h i s  r e s p e c t ,  a  m ic ro -  
a n a l y t i c  s e a rc h  p ro c e d u re  i s  vised w hereby a l t e r n a t i v e  a v a i l a b l e  s i t e s  
a r e  e v a lu a te d  i n  te rm s o f  t h e i r  p r o f i t a b i l i t y .
Hie e v a l u a t i o n  p ro c e d u re  i s  p e rfo rm ed  on a  l o c a l  m arke t a r e a  
b a s i s  u s in g  th e  s e r v i c e s  o f  t r a i n e d  r e a l  e s t a t e  a p p r a i s e r s ,  and th e  
e x p e r ie n c e  o f  l o c a l  management p e r s o n n e l .  For t h i s  p u rp o s e ,  an e n la r g e d  
and d e t a i l e d  map o f  th e  in v o lv e d  subm arket a r e a  i s  u s u a l l y  o b ta in e d .  
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t o g e t h e r  w i th  th e  l o c a t i o n s  o f  e x i s t i n g  r e t a i l  o u t l e t s  o p e r a t i n g  i n  th e  
a r e a .  Those s i t e s  w hich a re  s u b j e c t  to  zon ing  codes may be e l i m i n a t e d ,  
and th e  rem a in in g  s i t e s  a re  th en  e v a lu a te d  and ranked  i n  term s o f  t h e i r  
d e s i r a b i l i t y .  For i n s t a n c e ,  prim e s i t e s  l o c a t e d  on a  s t r a t e g i c  i n t e r ­
s e c t i o n  w ith  a d e s i r a b l e  t r a f f i c  f lo w , o r  f i r s t  o f f - ra m p  and l a s t  on - 
ramp s i t e s  on an highway in te r c h a n g e  a re  more d e s i r a b l e  than  m i d - s t r e e t  
l o c a t i o n s  o r  th o se  s i t e s  l o c a t e d  on th e  i n t e r s e c t i o n  o f  secondary  
s t r e e t s .
Once th e  d e s i r a b l e  s i t e s  a r e  s e l e c t e d ,  th e  n e x t  s t e p  i n  th e  
a n a l y s i s  i s  to  c o n d u c t  an o n - s i t e  i n v e s t i g a t i o n  c o n c e rn in g  th e  s u i t a ­
b i l i t y  o f  each  s i t e  f o r  th e  p lan n ed  o p e r a t i o n .  F a c to r s  such  as l o t  
s i z e ,  a c c e s s i b i l i t y  - e a s e  o f  e n t r y  and e x i t - ,  e l e v a t i o n ,  v i s i b i l i t y ,  
th e  p re s e n c e  o r  ab sen ce  o f  t r a f f i c  c o n t r o l  d e v ic e s  such  as t r a f f i c  
l i g h t s ,  s to p  s i g n s ,  t u r n s ,  e t c . ,  a r e  exam ined.
R e g a rd le s s  o f  i t s  d e s i r a b i l i t y ,  a g iv e n  s i t e  m ust be e c o n o m ica l ly  
j u s t i f i e d .  In  t h i s  r e s p e c t ,  th e  f i r m  must d e te rm in e  w h e th e r  th e  s i t e  
can be d eve loped  p r o f i t a b l y  by s tu d y in g  i t s  p r o j e c t e d  s a l e s  volume 
f i g u r e s .  The l a t t e r ,  i t  i s  r e c a l l e d ,  a r e  a  f u n c t io n  o f  a  number o f  l o c a t ­
i o n a l  f a c t o r s  such  as  th e  c e n t r a l i t y ,  a c c e s s i b i l i t y ,  and i n t e r c e p t i b i -  
l i t y  o f  th e  s i t e .  Thus, th o s e  s i t e s  w hich a r e  n e a r  known t r a f f i c  gen­
e r a t o r s  such  as  sh o p p in g  c e n t e r s ,  g ro c e ry  s t o r e s ,  e t c . ,  may have  b e t t e r  
s a l e s  vqlumes th an  f r e e  s t a n d i n g ,  i s o l a t e d  s i t e s .  I n  a d d i t i o n ,  th e  
q u a l i t y  o f  th e  t r a f f i c  p a s s in g  a  g iv e n  s i t e  i n  term s o f  i n t e n s i t y ,  s p e e d ,  
and d i r e c t i o n  s h o u ld  a l s o  be c o n s id e re d  s in c e  i t  r e l a t e s  to  th e  s i t e ' s
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l e v e l s  o f  i n t e r c e p t i b l l i t y , and a c c e s s i b i l i t y .
I n  a d d i t i o n  to  p r o j e c t e d  s a l e s  vo lum es , th e  c o s t s  o f  s i t e  a c q u i ­
s i t i o n ,  p r e p a r a t i o n ,  and i n s t a l l a t i o n  o f  s e l l i n g  and s e r v i c e  e q u ip ­
ments a r e  a l s o  c o n s id e re d .  In  s h o r t ,  th e  above p ro c e d u re  c o n s i s t s  
o f  a  d e t a i l e d  c o s t - b e n e f i t  a n a l y s i s  w h e re in  a v a i l a b l e  a l t e r n a t i v e  s i t e s  
a r e  compared on th e  b a s i s  o f  t h e i r  r e s p e c t i v e  d i s c o u n te d  e x p ec ted  n e t  
y e a r l y  revenues  from a  g a s o l i n e  r e t a i l  o u t l e t  o f  a  g iv en  s i z e  s u i t a b l e  
f o r  th e  s i t e  b e in g  e v a lu a te d .
6 . The 'Optimum1 R e t a i l  
O u t l e t  B u i ld in g  P l a n .
In  a c t u a l  a p p l i c a t i o n  o f  th e  m odel, th e  L o c a t io n - A l lo c a t io n  
p ro c e d u re s  d e s c r ib e d  i n  th e  p re v io u s  s e c t i o n s  a r e  r e p e a te d  f o r  a l l  
m arket a r e a s  under c o n s i d e r a t i o n ,  w hich r e s u l t s  i n  th e  fo l lo w in g  
in f o r m a t io n  b e in g  o b ta in e d  on each  m ark e t  a r e a  i ,  i = l , 2 , . . . ,  m.
1. The number o f  a v a i l a b l e  f e a s i b l e  s i t e s ,  j ;  
j = l > 2 , . . . »  .
2. Rj j  , th e  d is c o u n te d  e x p e c te d  r e t u r n  from each  s i t e  j ,  i n  
m arket a r e a  i ,  g iv e n  t h a t  an o u t l e t  o f  s i z e  S^j i s  b u i l t  
on t h a t  s i t e ,  w here
t=T
R, -------  "V  s ™ V < 1 + r i> •
i - 1 , 2 , . . . ,  m,
.., n.j£ ̂  ,
r^=  th e  d i s c o u n t  r a t e  i n  a r e a  i ,  and
R “ e x p e c te d  t o t a l  s a l e s  l e s s  t o t a l  c o s t s  r e s u l t i n g  from
i j t a n  o u t l e t  o f  s i z e  b u i l t  on s i t e  j  i n  a r e a  i  and
p e r io d  t .
3. K j . , th e  amount o f  c ash  o u t l a y s  n eed ed  to  b u i l d  and o p e r a t e  
a  g a s o l in e  r e t a i l  o u t l e t  o f  s i z e  S^i i n  m arket a r e a  i  and 
s i t e  j .
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Once th e  above in fo r m a t io n  a re  o b ta in e d ,  th e  n e x t  s t e p  in  th e  
m o d e l 's  p ro c e d u re s  i s  to  s e l e c t  th e  most p r o f i t a b l e  s i t e / s i z e  combi­
n a t i o n s  from among th o s e  found i n  v a r io u s  m arket a r e a s .  T h is ,  i t  i s  
r e c a l l e d ,  can be a c h ie v e d  by s o lv in g  th e  g e n e r a l i z e d  a ss ig n m e n t  p roblem  
s t a t e d  in  e q u a t io n s  3 .3 8 -3 .4 0  above nam ely,
Given R,^ and K , th e  d is c o u n te d  e x p e c te d  r e t u r n  from a
g o s o l in e  r e t a i l  o u t l e t  o f  s i z e  S t o  be b u i l t  i n  m arket a r e a  i  on
i j
s i t e  j ,  and th e  amount o f  c a p i t a l  in v e s tm e n t  in v o lv e d  i n  b u i l d i n g  
such  an o u t l e t ,  r e s p e c . t i v e l y ; f in d  th e  s e t  anc* t îe c o r re sp o n d in g
number, s i z e ,  and l o c a t i o n s  o f  th e  f i r m ’ s g a s o l in e  r e t a i l  o u t l e t s  which
i=m j= n i t  
Maximize Z = SUM SUM X.. R..
i = l  j = l  J J
S u b je c t  t o :  i=m j= n i t
SUM SUM K., < Bm ,
i . i  j . i  «  v r  t
and X^ j  = <
1 i f  o u t l e t  i j  i s  s e l e c t e d ,  
0 o th e r w is e .
i  1 , 2 , . . . ,  mj j = l , 2 , . . . ,  n^<. N ^ j  t —1 , 2 , . . . ,  T.
The s o l u t i o n  to  th e  above prob lem  i s  b a s i c a l l y  e q u i v a l e n t  to  
t h a t  which can be  o b ta in e d  by  r a n k - o r d e r in g  th e  p ro p o sed  f e a s i b l e  
s i z e / s i t e  co m b in a tio n s  by th e  v a lu e  o f  t h e i r  r e s p e c t i v e  R^ ' s ,  and 
s u b s e q u e n t ly  s e l e c t i n g  th o s e  co m b in a tio n s  w i th  th e  h i g h e s t  R., v a lu e s
ij
g iv en  t h a t  they  s a t i s f y  th e  f i r m 's  f i n a n c i a l  c o n s t r a i n t ,  B^. The 
optimum s o l u t i o n  th u s  o b ta in e d ,  how ever, would c o n s i s t  o f  th e  number,
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s i z e  d i s t r i b u t i o n ,  and l o c a t i o n s  o f  g a s o l i n e  r e t a i l  o u t l e t s  w hich th e  
f i rm  sh o u ld  b u i l d  in  each  o f  i t s  m arket a r e a s  and o v e r  a g iv e n  p la n n in g  
h o r i z o n ,  so  as  to  m a in ta in  th e  c u r r e n t  l e v e l  o f  i t s  m arket s h a r e  in  
each o f  th e s e  a r e a s .
Summary and C o nc lus ion  o f  
C hap ter  F iv e .
In  th e  p r e s e n t  c h a p t e r ,  th e  m o d e l 's  b a s i c  f u n c t i o n a l  r e l a t i o n s h i p s  
and a l l o c a t i o n  p ro c e d u re s  w ere a p p l i e d  to  a h y p o t h e t i c a l  c ase  in v o lv in g  
a m ajo r g a s o l in e  r e t a i l i n g  f i rm .  F i r s t ,  t h e  s a t u r a t i o n  in d e c e s  f o r  32 
s e l e c t e d  m arket a r e a s  were c o n s t r u c t e d  u s in g  th e  th r e s h o ld  f u n c t io n  as 
deve loped  in  c h a p te r  f o u r  above . N ex t,  by u s in g  th e  f i r m 's  m arket 
re sp o n se  f u n c t io n ,  i n  c o n ju n c t io n  w i th  th e  r e s u l t s  o f  m arket a r e a  s a t u ­
r a t i o n  a n a l y s i s ,  a  p r e l im in a r y  o u t l e t  b u i l d i n g  p la n  was d eve loped  which 
c o n s i s t e d  o f  th e  optimum number o f  g a s o l i n e  r e t a i l  o u t l e t s  which th e  
f i rm  can b u i l d  in  each  o f  a  number o f  s e l e c t e d  m arket a r e a s  and o v e r  
a p e r io d  o f  f i v e  y e a r s ,  g iv e n  i t s  t a r g e t  m arke t s h a r e ,  and i t s  f i n a n c i a l  
r e s o u r c e s  c o n s t r a i n t s . '
In  a l a t t e r  s t a g e  o f  th e  a n a l y s i s ,  th e  L o c a t io n - A l lo c a t io n  p ro c e ­
du re s  were s u g g e s te d  a s  a  means f o r  d e te r m in in g  th e  f e a s i b i l i t y  o f  such  
a p la n .  However, due to  th e  i l l u s t r a t i v e  n a t u r e  o f  th e  p r e s e n t  a n a l y s i s ,  
th e  d e t a i l e d  a p p l i c a t i o n  o f  such  p ro c e d u re s  was c o n f in e d  to  one m arket 
a r e a .  The a r e a  was s u b d iv id e d  i n t o  a number o f  subm arket a r e a s ,  and 
th e  number o f  g a s o l i n e  r e t a i l  o u t l e t s  r e q u i r e d  to  meet th e  demand f o r  
g a s o l i n e  in  each  s u b a r e a  was d e te rm in e d  on th e  b a s i s  o f  th e  s u b a r e a ' s
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e s t i m a te d  demand f o r  g a s o l i n e  and th e  optimum s i z e  o f  a  g a s o l i n e  r e t a i l  
o u t l e t  as d e te rm in e d  by th e  e m p i r i c a l  c o s t  a n a l y s i s  conducted  i n  c h a p te r  
f o u r  above.
A f te r  d e te rm in in g  th e  optimum l o c a t i o n s  o f  40 r e t a i l  o u t l e t s  in  
r e l a t i o n  to  one subm arket a r e a ,  th e  a n a l y s i s  showed how th e  L o c a t io n -  
A l lo c a t io n  p ro c e d u re s  can be used  f o r  i s o l a t i n g  u n d e r - s e rv e d  a r e a s  w here 
a d d i t i o n a l  r e t a i l  o u t l e t s  can be l o c a t e d .  A m ic r o - a n a l y t i c  p ro c e d u re  
f o r  e v a l u a t i n g  a v a i l a b l e  a l t e r n a t i v e  s i t e s  w i th in  th o s e  a r e a s  was th en  
su g g e s te d  whereby th e  s e r v i c e s  o f  a  p r o f e s s i o n a l  r e a l  e s t a t e  a p p r a i s e r  
and th e  e x p e r ie n c e  o f  l o c a l  management p e r s o n n e l  can be used in  d e t e r ­
m in ing  th e  p r e s e n t  v a lu e  o f  th e  e x p e c te d  n e t  rev en u es  a s s o c i a t e d  w i th  
each  s i t e ,  and th e  amount o f  c a p i t a l  in v o lv e d  i n  b u i l d i n g  a  r e t a i l  
o u t l e t  o f  a g iv en  s i z e  s u i t a b l e  f o r  th e  s i t e  b e in g  e v a lu a te d .
The in f o r m a t io n  th u s  o b ta in e d  from a l l  in v o lv e d  m arket a r e a s  can 
th en  be a n a ly z e d ,  and a  s e t  o f - th e  most p r o f i t a b l e  s i z e / s i t e  combi­
n a t i o n s  can be s e l e c t e d  g iv en  t h a t  i t  s a t i s f i e s  th e  f i r m 's  o u t l e t  
b u i l d i n g  r e s o u r c e s  c o n s t r a i n t .
Chapter VI
Summary and C onclud ing  
Comments.
The d e s ig n  and im p le m e n ta t io n  o f  a m a rk e t in g  f i r m 's  d i s t r i b u t i o n  
ne tw ork  in v o lv e s ,  among o t h e r  t h i n g s ,  d e c i s io n s  on th e  number, s i z e  
d i s t r i b u t i o n ,  and th e  l o c a t i o n s  o f  i t s  r e t a i l  o u t l e t s .  To w i t ,  th e  
f i r m  must d e c id e  on th e  number o f  r e t a i l  o u t l e t s  i t  sh o u ld  have i n  each  
o f  i t s  m arket a r e a s ,  t h e i r  p h y s i c a l  c h a r a c t e r i s t i c s ,  and t h e i r  l o c a ­
t i o n a l  a t t r i b u t e s .
In  g e n e r a l ,  when th e  f i r m 's  p ro d u c t  l i n e s  r e q u i r e  i n t e n s i v e  
m arket c o v e rag e ,  th e  f i r m 's  d i s t r i b u t i o n  ne tw o rk  may in v o lv e  a  l a r g e  
number o f  r e t a i l  o u t l e t s  n e c e s s a r y  to  p ro v id e  a d e q u a te  a c c e s s  and 
s e r v i c e s  a t  th e  consumer l e v e l .  On th e  o t h e r  h a n d ,  th e  n a t u r e  o f  th e  
f i r m 's  p ro d u c ts  as  w e l l  a s  r e l a t e d  consum ers ' b u y in g  h a b i t s  mandate 
th e  p h y s i c a l  c h a r a c t e r i s t i c s  and l o c a t i o n a l  a t t r i b u t e s  o f  t h e s e  o u t l e t s .
The p r e s e n t  r e s e a r c h '  monograph p o s t u l a t e s  t h a t  b a s i c  te c h n iq u e s  
o f  s t a t i s t i c a l  a n a l y s i s  and m a th e m a t ic a l  program m ing, and th e  e x p e r i ­
ence  o f  management, i n  c o n ju n c t io n  w i th  i n f o r m a t io n  commonly a v a i l a b l e  
i n  many m a rk e t in g  f i rm s  can be u t i l i z e d  i n  r e a c h in g  ch an n e l  d e c i s io n s  
c o n c e rn in g  th e  number, s i z e  d i s t r i b u t i o n ,  and th e  l o c a t i o n s  o f  th e  
f i r m 's  b ran d ed  r e t a i l  o u t l e t s .  I n  t h i s  r e s p e c t ,  a  dynamic a l l o c a t i o n  
model was d eve loped  whereby th e  f i r m 's  r e t a i l  o u t l e t  b u i l d i n g  r e s o u r c e s  
a r e  a l l o c a t e d  among i t s  v a r io u s  m arke t a r e a s  and o v e r  a  g iv e n  p e r io d  
o f  t im e .
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The model c a p i t a l i z e s  on th e  id e a  t h a t  th e  number, p h y s i c a l  
c h a r a c t e r i s t i c s ,  and th e  l o c a t i o n a l  a t t r i b u t e s  o f  th e  f i r m 's  r e t a i l  
o u t l e t s  convey a c l e a r  c o n c e p t io n  o f  th e  t o t a l i t y  o f  i t s  m a rk e t in g  
e f f o r t ,  and p roduce  p ro m o t io n a l  econom ies i n  te rm s o f  im proved p e r f o r ­
mance and red u ced  c o s t s .  In  a d d i t i o n ,  th e  model t a k e s  th e  p o s i t i o n  
t h a t  h i e r a r c h i c a l  l i n k i n g  and h o r i z o n t a l  c o o r d in a t io n  o f  i n t e r - m a r k e t  
and i n t r a - m a r k e t  d e c i s io n s  a r e  n e c e s s a r y  f o r  th e  p r o p e r  d e s ig n ,  im p le ­
m e n ta t io n ,  and e v a l u a t i o n  o f  th e  f i r m 's  d i s t r i b u t i o n  n e tw o r k 's  ag g re ­
g a te  p e r fo rm an ce .
S t r u c t u r a l l y ,  th e  model c o n s i s t s  o f  t h r e e  b a s i c  com ponents: th e
In p u t  I n f o rm a t io n  System ( I I S ) , th e  O p e ra t in g  System (O S), and th e  
O u tpu t I n f o r m a t io n  System  (O IS ) . The I I S  p ro v id e s  th e  O p e ra t in g  System 
w ith  a  s e t  o f  i n f o r m a t io n  and d a ta  p o in t s  r e l e v a n t  to  f u t u r e  a l l o c a t i o n  
d e c i s i o n s .  The OS, on th e  o t h e r  h and , i n t e g r a t e s  i n t e r - m a r k e t  a l l o ­
c a t i o n  d e c i s io n s  and i n t r a - m a r k e t  l o c a t i o n  d e c i s io n s  so a s  to  p roduce  
an optimum r e t a i l  o u t l e t  b u i l d i n g  p la n  o v e r  a g iv en  p la n n in g  h o r i z o n .  
Such an i n t e g r a t i o n ,  how ever, i s  a c h ie v e d  v i a  a  s e t  o f  fe e d -b a c k  lo o p s  
and r e c u r s i v e  r e l a t i o n s h i p s .
S in c e  th e  model was s t r u c t u r e d  on a  g e n e r a l  b a s i s ,  a  s u b s e t  
o f  th e  c h an n e l  d e c i s i o n s  i n  th e  g a s o l i n e  r e t a i l i n g  i n d u s t r y  was used  
a s  a  framework f o r  d e v e lo p in g  i t s  f u n c t i o n a l  r e l a t i o n s h i p s  and f o r  
d e t a i l i n g  i t s  b a s i c  p r o c e d u r e s .  T h e r e f o r e ,  th e  g e n e r a l i z a b i l i t y  o f  
th e  l a t t e r  to  o t h e r  f i rm s  i n  o t h e r  i n d u s t r i e s ,  such  a s  th e  b an k in g  
i n d u s t r y ,  s u p e rm ark e t  c h a in s ,  f a s t  food r e s t a u r a n t s ,  e t c . ,  i s  l i m i t e d
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in  as much as  th e  a l l o c a t i o n  d e c i s io n s  and th e  l o c a t i o n a l  a t t r i b u t e s  
o f  th e s e  f i r m s '  r e t a i l  o u t l e t s  d i f f e r  from th o s e  found i n  th e  gaso ­
l i n e  r e t a i l i n g  i n d u s t r y .
The i n t e r - m a r k e t  a l l o c a t i o n  d e c i s io n s  im p l ie d  by th e  model a r e  
b a sed  on two r e l a t e d  c r i t e r i a :  th e  f i r s t  c o n s i s t s  o f  T h re sh o ld  Analy­
s i s  and m arke t a r e a  s a t u r a t i o n  a n a l y s i s ;  th e  seco n d , o f  th e  f i r m 's  
M arket Response F u n c t io n .  T h resh o ld  a n a l y s i s  c o n te m p la te s  a  c e r t a i n  
f u n c t i o n a l  r e l a t i o n s h i p  betw een an a r e a ' s  p o p u la t io n  s i z e  and th e  
number o f  u n i t s  p e r fo rm in g  a  g iv en  fu n c t io n  w i th in  t h a t  a r e a .  In  th e  
c o n te x t  o f  th e  p r e s e n t  a n a l y s i s ,  th e  number o f  g a s o l in e  r e t a i l  o u t l e t s  
o p e r a t i n g  i n  a  g iv en  c i t y  was c o n s id e re d  a  fu n c t io n  o f  th e  c i t y ' s  
p o p u la t io n  s i z e ,  th e  a v e rag e  s a l e s  p e r  g a s o l in e  r e t a i l  o u t l e t ,  and 
th e  c i t y ' s  p e r  c a p i t a  r e t a i l  s a l e s .
A s a t u r a t i o n  in d e x ,  on th e  o t h e r  h and , r e l a t e s  th e  a c t u a l  number 
o f  r e t a i l  o u t l e t s  p e r fo rm in g  a - g iv e n  f u n c t io n  i n  a g iv en  m arke t a r e a  
to  th e  a r e a ' s  e s t i m a te d  number o f  o u t l e t s  a s  d e te rm in ed  by th e  popu­
l a t i o n  t h r e s h o l d  f u n c t i o n .  The s a t u r a t i o n  in d e c e s  b a se d  on such  a  
r e l a t i o n s h i p  p r o v id e  a  v a lu a b l e  c r i t e r i o n  whereby i n d i v i d u a l  m arke t 
a r e a s  a r e  o rd e re d  i n  te rm s o f  t h e i r  r e s p e c t i v e  s a t u r a t i o n  l e v e l s .  Those 
a r e a s  w i th  s a t u r a t i o n  v a lu e s  below  u n i ty  a r e  c o n s id e re d  u n s a t u r a t e d  
and p o t e n t i a l l y  s u i t a b l e  f o r  f u t u r e  m arke t e x p a n s io n .  T h i s ,  o f  
c o u r s e ,  assumes t h a t  th e  a v e ra g e  s a l e s  rev en u es  p e r  r e t a i l  o u t l e t  a r e  
h i g h e r  i n  u n s a t u r a t e d  m arke t a r e a s  th an  i n  s a t u r a t e d  and o v e r s a t u r a t e d  
o n es .
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The second  a l l o c a t i o n  c r i t e r i o n  i s  b a se d  on th e  f i r m 's  M arket 
Response F u n c t io n .  The l a t t e r  e x p r e s s e s  a c e r t a i n  f u n c t i o n a l  r e l a ­
t i o n s h i p  betw een th e  f i r m 's  m arket s h a r e  in  a g iv en  m arke t a r e a  and 
i t s  s h a r e  o f  r e t a i l  o u t l e t s  o p e r a t in g  in  t h a t  a r e a .  In  th e  c o n te x t  
o f  th e  p r e s e n t  a n a l y s i s ,  i t  was assumed t h a t  such a  f u n c t i o n a l  r e l a ­
t i o n s h i p  fo l lo w s  th e  e c o n o m is t 's  Law o f  V a r ia b le  P r o p o r t io n s  i n  t h a t  
th e  i n c r e a s e  i n  th e  f i r m 's  t o t a l  rev en u es  from a g iv en  m arke t a r e a ,  
r e s u l t i n g  from a u n i t  i n c r e a s e  in  th e  number o f  i t s  r e t a i l  o u t l e t s ,  
depends on th e  f i r m 's  i n i t i a l  l e v e l  o f  r e p r e s e n t a t i o n  i n  t h a t  a r e a .  
Thus, a l th o u g h  an a r e a  may be u n s a t u r a t e d ,  i t  may r e a c t  p o o r ly  to  
an i n c r e a s e  i n  th e  number o f  the  f i r m 's  r e t a i l  o u t l e t s  due to  th e  
f a c t  t h a t  th e  f i rm  i s  o v e r - r e p r e s e n t e d  in  t h a t  a r e a .  In  t h i s  r e s p e c t ,  
th e  model d eve loped  h e r e i n  a d v o c a te s  th e  u se  o f  bo th  c r i t e r i a ,  v i z . , 
s a t u r a t i o n  in d e c e s  and m arket r e s p o n s e ,  i n  a l l o c a t i n g  th e  f i r m 's  
r e t a i l  o u t l e t  b u i l d i n g  r e s o u rc e s  among i t s  v a r io u s  m arket a r e a s .
S in c e  th e  s i z e  o f  a r e t a i l  o u t l e t  a s  m easured i n  te rm s o f  i t s  
a v e rag e  o u tp u t  l e v e l ,  i s  i n  many r e s p e c t s  r e l a t e d  to  th e  number and 
l o c a t i o n  d e c i s i o n s ,  i t  was s u g g e s te d  t h a t  e m p i r i c a l  c o s t  a n a l y s i s  be 
u sed  i n  o r d e r  to  a r r i v e  a t  th e  optimum economic s i z e  o f  a  g iv e n  r e t a i l  
o u t l e t .
The i n t r a - m a r k e t  a r e a  l o c a t i o n  d e c i s i o n s ,  on th e  o t h e r  h an d , 
a r e  b a se d  on a  s e t  o f  s e a r c h  p ro c e d u re s  term ed L o c a t io n - A l lo c a t io n  
p r o c e d u r e s .  Imbedded i n  th e  l a t t e r  a r e  th e  l o c a t i o n a l  c r i t e r i a  o f  
a c c e s s i b i l i t y ,  i n t e r c e p t i b i l i t y ,  and c e n t r a l i t y  which a v o id  most o f
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th e  d e f i c i e n c i e s  a s s o c i a t e d  w i th  g r a v i t y  m odels . F o llow ing  a  l i t e r a ­
tu r e  rev iew  o f  th e  m ethods o f  t r a d i n g  a r e a  a n a l y s i s  and m easurem en ts ,  
th e  l a t t e r  -  g r a v i t y  m odels -  were found to  f a l l  s h o r t  o f  c o n s id e r in g  
th e  c o m p le x i t i e s  in v o lv e d  i n  l o c a t i n g  r e t a i l  f a c i l i t i e s .  The p r e s e n t  
p ro c e d u re s ,  how ever, combine th e  b a s i c  c o n ce p ts  u n d e r ly in g  p o t e n t i a l  
and s p a t i a l  i n t e r a c t i o n  models - w h ic h  a r e  v a r i e n t s  o f  g r a v i t y  models -  
and , a t  th e  same t im e ,  i n j e c t  needed  b e h a v io r a l  d im ensions  i n t o  th e  
l o c a t i o n a l  prob lem s o f  th e  f i rm .
The L o c a t io n - A l lo c a t io n  p ro c e d u re s  f u n c t io n  a t  th e  l o c a l  m arket 
a r e a  l e v e l ,  and aim a t  i s o l a t i n g  h ig h  p o t e n t i a l  a r e a s  w here new 
r e t a i l  o u t l e t s  can  be l o c a t e d .  Once t h i s  o b j e c t i v e  i s  a c h ie v e d ,  a 
m i c r o - a n a l y t i c  s e a r c h  p ro c e d u re  can th e n  be  used  to  e v a lu a t e  a l t e r n a ­
t i v e  f e a s i b l e  s i t e s  w i t h i n  t h e s e  a r e a s  so  a s  to  s e l e c t  th o s e  l o c a t i o n s  
which p ro v id e  f o r  maximum l o c a t i o n a l  c e n t r a l i t y ,  a c c e s s i b i l i t y ,  and 
i n t e r c e p t i b i l i t y .  I n  a d d i t i o n ;  th e  p ro c e d u re  o b ta in s  c o s t  and rev en u e  
in fo r m a t io n  on each  a v a i l a b l e  f e a s i b l e  s i t e  i n  ev e ry  m arket a r e a  
where th e  f i r m ’s  r e t a i l  o u t l e t s  a r e  to  be l o c a t e d .  The d a ta  th u s  
o b ta in e d  a re  th e n  a n a ly z e d  and a  g iv en  number o f  r e t a i l  o u t l e t s  o f  * 
a  g iv e n  s i z e ( s )  a s s o c i a t e d  w i th  th o s e  s i t e s  i s  s e l e c t e d  i n  such  a  way 
t h a t  th e  f i r m 's  d i s c o u n te d  n e t  re v e n u es  from a l l  o f  i t s  m arket a r e a s  
a re  maximized s u b j e c t  to  i t s  o u t l e t  b u i l d i n g  and b u d g e ta ry  c o n s t r a i n t s .
In  a  l a t t e r  p a r t  o f  th e  p r e s e n t  d i s s e r t a t i o n ,  an i l l u s t r a t i v e  
a p p l i c a t i o n  o f  th e  m o d e l 's  b a s i c  p ro c e d u re s  was p r e s e n te d .  The a n a ly ­
s i s  c e n te r e d  around  a  h y p o t h e t i c a l  c a se  o f  a  m a jo r  g a s o l i n e  m a rk e t in g
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f i rm  which d i s t r i b u t e s  i t s  p r o d u c ts  in  32 s e l e c t e d  m arket a r e a s .
The a n a l y s i s  showed th e  m o d e l 's  p ro c e d u re s  to  be l o g i c a l l y  c o n s i s t e n t  
and g e n e r a l l y  l e a d i n g  to  th e  developm ent o f  a v i a b l e  r e t a i l  o u t l e t  
b u i l d i n g  p la n  f o r  a l l o c a t i n g  th e  f i r m 's  r e t a i l  o u t l e t  b u i l d i n g  r e s o u r c e s  
o v e r  a  g iv en  p la n n in g  h o r iz o n .
To i t e r a t e ,  t h e  model seems to  p o s s e s s  a  number o f  p o t e n t i a l l y  
v a lu a b l e  c h a r a c t e r i s t i c s  i n  t h a t  i t  i n t e g r a t e s  d e c i s io n s  on th e  number, 
s i z e  d i s t r i b u t i o n ,  and th e  l o c a t i o n s  o f  th e  f i r m 's  r e t a i l  o u t l e t s  
t o g e t h e r  w i th  i n t e r - m a r k e t  a l l o c a t i o n  d e c i s i o n s .  I n  so  d o in g , th e  
model h i e r a r c h i c a l l y  l i n k s  i n t e r - m a r k e t  a l l o c a t i o n  and i n t r a - m a r k e t  
l o c a t i o n  d e c i s io n s  so  a s  to  p ro d u ce  a f e a s i b l e  o p t im a l  r e t a i l  o u t l e t  
b u i l d i n g  p l a n .  In  a d d i t i o n ,  th e  model h a s  many u s e f u l  a p p l i c a t i o n s  
o f  which a r e  th e  f o l l o w in g :
1. The m o d e l 's  p ro c e d u re s  can be used  i n  e v a l u a t i n g  th e  a g g re g a te  
pe rfo rm ance  o f  th e  f i r m ' s  d i s t r i b u t i o n  n e tw o rk .  In  t h i s  r e s p e c t ,  th e  
p ro c e d u re s  can d e te rm in e  w h e th e r  a  r e a l l o c a t i o n  o r  a d d i t i o n a l  a l l o c a t i o n s  
o f  r e t a i l  o u t l e t s  a r e  heeded  and th e  m arke t a r e a s  to  which they  sh o u ld
be a p p l i e d .
2 . The m o d e l 's  b a s i c  p ro c e d u re s  can be  used  to  a s s i s t  top  manage­
ment i n  e v a l u a t i n g  a l t e r n a t i v e  c a p i t a l  in v e s tm e n t  p r o p o s a ls  r e g a r d in g  
th e  a c q u i s i t i o n ,  b u i l d i n g ,  o r  th e  d e l e t i o n  o f  a  number o f  r e t a i l  o u t l e t s  
in  one o r  more m arke t a r e a s .
3. S in ce  p rim e s i t e s  a r e  a lw ays i n  h ig h  demand, many f i rm s  a r e  
in d u c ed  to  buy and h o ld  undeveloped  s i t e s  f o r  f u t u r e  developm ent. The
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p r e s e n t  m o d e l 's  p r o c e d u r e s ,  e s p e c i a l l y  th e  L o c a t io n - A l lo c a t io n  p ro ­
c e d u r e s ,  p ro v id e  management w i th  v a lu a b l e  i n f o r m a t io n  f o r  making such 
d e c i s i o n s .
I t  sh o u ld  be m en tioned  h e r e ,  how ever, t h a t  s i n c e  th e  m o d e l 's  
p ro c e d u re s  a r e  c o n f in e d  to  a  s u b s e t  o f  th e  d i s t r i b u t i o n  ch an n e l  d e c i ­
s i o n s ,  they  do n o t  p ro v id e  a l l  th e  i n f o r m a t io n  needed  to  make such 
d e c i s i o n s .  O th e r  e lem en ts  o f  th e  f i r m 's  m a rk e t in g  mix must a l s o  be 
c o n s id e re d ,  e s p e c i a l l y  th o s e  conce rned  w i th  th e  p ro m o t io n a l  submix.
In  t h i s  r e s p e c t ,  th e  m o d e l 's  b a s i c  components s h o u ld  be i n t e g r a t e d  
w i th in  th e  f i r m 's  m a rk e t in g  in f o r m a t io n  sy s tem  w hich p r o v id e s  v a lu a b le  








































































































DBS CITY P0P72 RTLSALS STANUM STASALS
32 ARKANOELPHIA 10274 33674 32 2922
33 ASHDOWN 3728 9825 11 1134
34 BATESVILLE 7441 41718 33 2838
35 8ATESVILLE 7441 41718 33 2838
36 BENTON 18436 50135 37 4336
37 BENTONVILLE 6069 8050 9 924
38 BLYTHEVILLE 25693 71484 43 8050
39 BRINKLEY 5421 14678 15 1728
40 CAMDEN 15017 49826 42 3803
41 CONWAY 17322 54789 42 5979
42 CROSSETT 6380 22464 20 2828
43 OE QUEEN 4137 19196 14 1677
44 DE WITT 3903 12346 12 601
45 OUMAS 4875 30490 12 1106
Table A1 (C o n td .)
SOUTHERN CITIES MtTH POPULATION OF 3500 OP HOPE ARRANGED BY STATE 2
STATE-AR ------
OBS CITY P0P72 RTLSALS STANUH STASALS
46 FAYETTEVILLE 33900 115910 26 3234
47 FOROVCE 5072 16109 11 878
48 FOREST CITY 12992 37522 23 3843
49 FORT SNITH 65126 208100 112 10174
SO HELENA 10219 30955 16 1941
51 HOPE 8896 29584 2249
52 HOT SPRINGS 37462 144287 75 8831
S3 JONESBORO 28473 106916 61 5985
54 LITTLE POCK 138551 506008 182 27345
55 LITTLE ROCK N 60460 174496 101 16075
56 HAGNOLIA 11441 36888 37 2836
57 HALVERN BSB9 37179 34 2990
58 HARIANA 6453 17350 12 1306
59 HENA 4559 20386 15 1386
60 HONTICELLO 5241 23792 15 1561
61 HORRILTON 6999 32280 21 2332
62 NASHVILLE 4114 19459 18 1165
63 NEWPORT 7883 33334 24 2465
64 OSCEOLA 7440 23580 1622
65 PARAGOULO 10788 46361 2431
66 PARIS 3801 15081 12 1528
67 PINE BLUFF 60867 159198 107 10909
68 POCAHONTAS 4 762 17254 16 1433
69 PRESCOTT 4007 13763 12 2590
70 ROGERS 52323 45335 45 4080
71 RUSSELLVILLE 12495 53473 35 3578
72 SEARCY 9479 49999 28 2758
73- SILOAH SPRINGS 6634 28405 24 1887
74 SPRINGDALE 19018 60076 2224
75 STUTTGART 10653 30170 18 2421
76 TEXARKANA 22098 63062 60 7367
77 TRUHANN 6313 16889 15 987
78 VAN BUREN 8765 29127 25 2299
79 WALNUT RIOGE 3935 17842 11 1033
80 WEST HELENA 11696 15985 13 1579
81 WEST HEHPHIS 27632 96440 41 11808


























Table A1 (C o n td .)
SOUTHERN CITIES WITH POPULATION OF 3500 OR MORE ARRANGEO BY STATE 3
- STATE-FL
OBS CITY P0P72 RTLSALS STANUH STASALS
66 ARHOND 15818 37732 26 6038
87 BARTOW 12899 66161 23 2S82
88 BELLEGLAOE 17273 36366 20 2351
89 BOCA RATON 66151 95617 33 5133
90 BOYTON BEACH 20763 66539 26 2966
91 8RAN0ENT0N 21602 118605 62 8128
92 CAROL 28773 26760 15 2281
93 CLEARWATER 57313 305301 96 13106
96 COCOA 17109 81935 62 7915
95 CORAL 66372 167808 32 5796
96 OAYTONA 67269 253166 101 12169
97 OE.LANO 11827 76500 66 6629
98 OEERFIELO 19802 52088 19 3605
99 DELRAY 21626 89907 30 3267
100 OUNEOIN. 21681 61079 19 2612
101 FORT LAUNDER 158267 681061 186 31351
102 FORT MYERS 28522 283628 89 13793
103 FORT PIERCE 30773 150570 61 8961
106 FORT WALTON 22569 125607 59 7076
105 GAINESVILLE 79631 266612 79 15666
106 HALLANDALE 29930 93810 30 6521
107 HIALEAH 113079 310556 132 19961
108 HOLLYWOOD 150328 365079 118 15892
109 HOMESTEAD 15025 57866 22 3827
110 JACKSONVILLE 701381 1615350 660 98561
111 KEY WEST 26527 77995 32 6722
112 LAKE CITY 10822 58659 52 7365
113 LAKE WORTH 26387 81888 33 5819
116 LAKELAND 61592 253090 89 13203
115 LEESBURG 12016 80932 • 65 6908
116 MELBOURNE 59211 185106 73 8816
117 MERRITT 71675 80132 68 8366
118 MIAMI 366771 1163631 606 61396
119 MIAMI SPRINGS 22263 21677 15 2361
120 MIRAMAR 60136 26979 9 1979
121 MOAMI BEACH 93550 276861 70 9615
122 N<HIAMI CITY 36236 139798 58 8886
123 NAPLES 15866 126766 62 7900
126 NEW SMYRNA 11016 36586 26 2796
125 NIMIAMI BEACH 33396 178663 36 6926
126 OCALA 25568 172523 86 13676
127 OKLANO 22928 71730 36 6637
128 OPA LACKA 12609 39251 18 2261
129 ORLANDO 10'l 662 531903 177 28293
130 PANAMA 318TI 158675 87 8677
131 PANSACOLA 60090 219693 97 13657
132 PEMBROKE 18193 21117 17 2711
133 PINELLAS PARK 269B5 68358 61 8776
136 PLANT CITY 1539B 71570 58 6000
135 PLANTATION 62007 103277 28 6388
136 POMPANO • 67977 250665 63 8767
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Table A1 ( C ontd .)
SOUTHERN CITIES WITH POPULATION OF 3500 OP MORE ARRANGEO BY STATE A
-  STATE-FL ---
OBS CITY P0P72 RTLSALS STANUM STASALS
137 PORT CHARLOTTE 15869 37038 13 -2911
I3S ROCKLEDGE 14761 24586 14 1447
139 SANFORD 17069 85270 43 5745
1A0 SARASOTA 41694 258312 68 10195
1A1 SOUTH NIANI 23374 46076 9 251B
142 ST AUGUSTINE 11952 60534 59 6491
1A3 ST PETERSBURG 224579 662511 219 31344
1AA TALLAHASSEE 78972 221328 109 16633
145 TAMPA 278323 986185 347 55959
146 TITUSVILLE 53468 84590 54 6820
147 VERO BEACH 12732 82439 39 6243
148 W.PAIM BEACH 57616 390080 73 12945
149 -HARRINGTON 15677 219493 97 13457
150 WILTON MANORS 22314 41785 17 2883
151 WINTER HAVEN 16107 125633 61 6370
152 WINTER PARK 23104 150390 31 4925
- STATE-GA
OBS CITY P0P72 RTLSALS STANUM STASALS
153 ALBANY 76966 222928 124 16738
154 AMERICUS 16715 49495 32 3148
155 ATHENS 48014 160224 93 12679
156 ATLANTA 498961 1812220 510 92683
157 AUGUSTA 58041 26H518 100 9972
158 BA1NBRIDCE • 10573 32250 26 2045
159 BRUNSWICK 19201 110690 52 6340
160 CARROLTON 14147 54596 40 3239
161 COLLEGE PARK 17388 65960 44 7337
162 COROELE 10759 45997 36 6603
163 COVINGTON 10789 42130 28 3218
164 OALTON 19083 132034 69 10556
165 OECATURE * 21925 86519 32 5783
166 DOUGLAS 10536 43912 30 1750
167 DUBLIN 15434 59946 33 2567
168 EAST POINT 40125 89222 54 7627
169 FOREST PARK 21626 77310 36 7757
170 GA1NSV1LLE 15261 131025 59 5756
171 GRIFFIN 22943 85475 51 6687
172 LA GRANGE 23236 69941 44 4253
173 MACON CITY 140909 370349 243 32148
174 MARIETTA 27570 180453 80 12721
175 MIOOMAY 13572 43292 26 3336
176 MOULTRIE 14036 57542 32 2439
177 NEWMAN 11028 51852 44 3934
178 ROME CITY 30476 146102 81 8942
179 SAVANAH 113473 279038 157 18550
180 SMYRNA 22552 84187 47 7676
181 STATESBORO 16016 53451 44 4273
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Table A1 (C ontd .)
SOUTHERN CITIES WITH POPULATION OP 3500 OR MORE ARRANGEO BY STATE 5
STATE-GA
OBS CITY P0P72 RTLSALS STANUM STASALS
182 THOMASTON 10172 3796A 23 2A16
IBS THONASVILLE 18137 60117 51 9657
I BA TIFTON • 12739 681A2 50 7372
IBS VALDOSTA 32652 1A9672 76 10368
186 MARNER 38B29 89AB6 39 A995
187 WAYCROSS 186A3 82311 52 5739
- STATE-KY
OBS CITY P0P72 RTLSALS STANUM STASALS
188 ASHLAND 28865 1093A7 57 6320
189 BOWLING 38276 141875 77 11159
190 OANVILLE 12191 37636 30 3602
191 ELIZABETHTOWN 12263 72477 35 6960
192 ERLANGER 1A68A 27772 14 2961
193 FLORENCE 1366A 47452 36 10170
19A FORT THOMAS 16655 10070 13 1615
195 FRANKFORT 22052 72723 43 6870
196 GLASGOW 11577 48654 32 3870
197 HENDERSON 2A630 67238 37 6100
198 HOPKINSVILLE 216A1 76261 46 6009
199 LEXINGTON 108829 374252 131 24421
200 LOWISVILLE 3560A9 891751 305 52616
201 MAOISONVILLE 15850 66596 3962
202 MAYFIELD 10715 46631 36 3938
203 MIOOLESBORO 11700 43692 19 3083
20A MURRAY 1A769 58638 30 3744
205 NEWPORT 25296 86575 16 2297
206 OWENSBORO 52191 150122 60 8507
207 PAOUCAH 31102 152128 69 8134
208 PLEASURE RIDGE 38233 78385 28 5565
209 RICHMOND 1B163 56201 44 5848
210 SHIVELY 20253 66210 32 5569
211 SOMERSET 11AI1 66795 36 457B
212 ST MATHEWS 1AA80 133705 15 2271
213 WINSHESTER 1A2A9 50757 23 4408
—  STATE-LA
OBS CITY POP72 RTLSALS STANUM STASALS
214 ABBEVILLE 111.19 39954 22 2425
215 ' ALEXANDRIA 41823 180950 60 7904
216 AMITE CITY 3653 2611 1 10 1244-
217 BAKER 9468 13866 6 1089
218 BASTROP 14619 40C49 33 3319
219 BATON ROUGE 168917 639255 198 33911
220 BFRWICK 4230 3379 4 897
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Table A1 (Contd.)
SOUTHERN CITIES ItlTH POPULATION OF 3500 OR MORE
—  STATE-LA
OBS CITY P0P72 RTLSALS STANUH
221 80GALUSA 17893 41706 28
222 BOSSIER CITY 43833 92634 62
223 BREAUX BRIDGE 5432 17256 18
224 BUNKIE 5438 14494 16
225 COVINGTON 7260 32066 12
226 CROMLEY 16204 36036 29
227 DE RIDDER 821B 37765 17
228 OENHAN SPRINGS 6924 40030 23
229 OONALOSONVILLE 7678 18445 20
230 EUNICE 11404 30310 27
231 FARHERVILLE 3589 13618 11
232 FERRIOAY 5394 17540 15
233 FRANKLIN 9465 24977 17
234 FRANKLINTON 3657 17791 12
235 GONZALES 4861 33923 14
236 GRANBLING 4761 2217 3
237 GRETNA 25532 135391 25
238 HAMMOND 12942 62107 27
239 HARAHAN 14096 14548 11
240 HOMER 4448 12910 16
241 HOUMA 33216 106158 61
242 JEANERETTE 6493 13149 17
243 JENNINGS 11762' • 38612 24
244 JONESBORO 5395 15833 13
245 KAPLAN 5598 13023 17
246 KENNER 34355 51776 38
247 LAFAYETTE 78638 256759 108
248 LAKE ARTHUR 3553 6261 5
249 LAKE CHARLES 81586 232773 131
250 LEESVILLE 10542 34516 25
251 LUTCHER 4064 5828 3
252 MANSFIELD 6563 21661 26
253 MARKSVILLE 4575 18424 8
254 MINOEN 14265 39986 35
255 MONROE 57073 248065 101
256 MORGAN CITY 17332 56173 29
257 NATCHITOCHES 16444 45984 21
258 NEH IBERIA 30370 88155 41
259 NEH ROAOS 3941 19300 10
260 OAKOALE . 7451 1995 7 14
261 OPELOUSAS 20745 67192 38
262 PATTERSON 4857 4912 5
263 PINEVILLE 9015 26060 26
264 PLAQUEMINE 7753 23340 21
265 PONCHATOULA 4510 13602 17
266 PORT ALLEN 5888 11529 11
267 RAYNE 9700 14341 18
268 RAYVILLE 3945 16373 16
269 RUSTON 18202 54021 24
270 SHREVEPORT 185997 503520 248
























































SOUTHERN CITIES WITH POPULATION OF 3500 OR HORE
- STATE-LA
OBS CITY P0P72 RTLSALS STANUM
272 SPRINGH1LL 6508 21173 12
273 ST MARTINVILLE 7300 1*068 15
27* SULPHUR 1*055 *1815 25
275 TALLULAH 9689 19632 18
276 THIBODAUX 15265 61232 29
277 VIDOLIA 5853 10552 12
278 VILLE PLATTE 1025* 2520* 23
279 VINTON 3562 *317 *
280 VIVIAN **85 10119 6
281 NEST MONROE 1*800 **839 *2
282 WESTLAKE *272 6215 9
283 WESTWEGO 11771 222*6 13
28* UINNFIELD 7166 22268 IS
285 N1NNSB0R0 5569 25839 16






287 ABERDEEN 13066 *1376 27
288 ANNAPOLtS 31160 182510 35
289 BALTIMORE 899*19 181126* 8*3
290 BETHESOA 75**6 19951* 53
291 BOMIE TOWN *203* *2096 9
292 CAMBRIDGE 11*72 *511* 25
293 CATONSVILLE 59931 219278 106
29* COLLEGE PARK 28327 53692 *1
295 DUNOALK 85992 197302 65
296 ESSEX 388*2 80076 33
297 FREDERICK 2*052 1*8303 55
298 GREENRELT 23*15 33909 6
299 HAGERSTOWN 3570* 163251 62
300 HYATTVILLE 1*965 96557 19
301 LAUREL TOWN 11026 1112*5 **
302 PARKVILLE 35558 121873 3*
303 PIKESVILLE 27198 69110 *1
30* ROCKVILLE *6*93 201936 88
305 SILVER SPRING 80100 221763 68
306 SUITLAND *2175 111390 23
307 TAKOMA 18820 2323* 9
308 TOHSON 125677 300933 167











































Table A1 ( Contd.)
SOUTHERN CITIES MITH POPULATION OF 3500 OR MORE ARRANGEO BY STATE 8
- STATE-HS
OBS CITY P0P72 RTLSALS STANUM STASALS
310 BILOXI 49465 135476 49 6847
311 BROKHAVEN 10875 48003 34 3311
312 CANTON 10675 34734 23 3368
313 CLARKSDALE 21790 51996 29 4296
314 CLEVELAND 14153 44214 22 2496
315 COLUMBUS 26007 103917 43 5535
316 CORINTH 11606 54059 35 4882
31T GREENSVILLE 39291 123226 61 6308
318 GREENMOOO 22B30 67592 36 4064
319 GULFPORT 43655 151293 79 10170
320 HAHISBURG 3B997 170530 88 13975
321 JACKSON 156000 530053 230 33659
322 LAUREL 23498 103214 53 6105
323 HCCOMB 11959 63453 26 3635
324 MERIDIAN 44299 165129 100 10782
325 MOSS POINT 26717 20206 8 680
326 NATCHEZ 19026 80129 40 3643
327 OXFORD 18335 40137 22 3703
328 PASCAGOULA 30476 95394 SO 5131
329 PICAYUNE 11170 32309 23 1825
330 STAEKVILLE 11953 41834 28 3588
331 TUPELO 21245 130002 46 6061
332 VIKESBURG 24836 88774 47 5699
333 YAZOO 10712 35041 28 2437
STATE-NC
OBS CITY P0P72 RTLSALS STANUM STASALS
334 ALBEMARLE 10919 47735 24 4099
335 ASHEBORO 11106 66555 57 5287
336 ASHEVILLE 57196 282636 112 16949
337 BURLINGTON 36541 177090 79 8734
338 CHARLOTTE 250680 848338 328 53527
339 CONCORD 18601 65738 46 4675
340 DURHAM 9961B 287031 136 19840
341 FAYETTEVILLE 54965 278982 127 17835
342 GASTONIA 49641 195857 80 10785
343 GOLOSBORO 26429 106757 74 7204
344 GREENSBORO 1499B3 533209 255 41644
345 GREENSVILLE 30638 113251 64 6311
346 HENDERSON 14149 61687 49 4789
347 HICKORY 20832 155880 56 9227
348 HIGH POINT 63432 195782 80 9856
349 JACKSONVILLE 16623 108793 60 7542
350 KANNAPOLIS 36641 87991 40 4889
351 KINSTON 21858 104620 61 6762
352 LENOIR 159B1 87802 42 4860
353 LEXINGTON 17442 85 752 43 5396
354 LUHRERTOMN 17327 89224 49 5621
268
Table A1 (Contd.)
SOUTHERN CITIES MITH POPULATION OF 3500 OR HORE ARRANGEO BY STATE 9
STATE-NC
CBS CITY P0P72 RTLSALS STANUM STASALS
355 NONROE 11365 66321 37 3636
356 MORGANTON 16961 69600 33 3813
357 N.BELMONT 11387 23597 IB 1969
358 NEW BERN 16666 66586 37 6533
359 RALEIGH 128726 656926 176 23202
360 REIDSVILLE 13516 52531 32 2775
361 ROANOKE 13566 60629 30 3972
362 ROCKY HOUNTEN 36737 162107 82 9671
363 SALISBURG 22767 107171 65 6322
366 SANFORD 11613 77832 65 7302
365 SHELBY 16077 81016 55 6665
366 STATESVILLE 20028 83751 67 6768
367 THOHSVILLE 15239 52829 69 3902
368 MILMINGTON 66621 191093 89 10936
369 MILSON -CITY 29670 103169 62 8271
370 WINSTON SALEH 138123 673862 200 26287
STATE-OK
OBS CITY P0P72 RTLSALS STANUM STASALS
371 ADA 16966 59233 36 3710
372 ALTUS 23759 69889 35 3689
373 ALVA 7721 19565 16 1726
376 ANADARKO 6766 18731 16 1961
375 AROHORE 21027 75039 53 6069
376 BLACKWELL 8676 19698 13 1132
377 BRISTOW 6625 16188 IB 1816
378 BROKEN ARROW 16116 63639 ‘ 30 3971
379 CHICKOSHA 16066 66586 29 3156
380 CLAREHORE 9753 36700 29 2166
381 CLINTON 8317 27125 25 3773
382 CUSHING 7339 21667 27 1722
383 DEL CITY 33091 61370 32 2898
386 OEWEY 3951 6155 7 711
385 DUNCAN 19659 59361 39 3657
386 OURANT 11256 60686 29 3667
387 EOHOND 19757 53195 26 3126
388 EL RENO 15630 31739 25 3192
389 ELK CITY 7166 23135 30 2176
390 ENID 65179 130086 66 8097
391 FREDERICK 6185 15809 12 1265
392 GUTHRIE 9590 26786 18 2826
393 GUYHON 8180 26760 17 2550
396 HENRYETTA 6607 23661 25 3066
395 HOBART 6569 13786 9 886
396 HOLOENVILLE 5085 13096 6 691
397 HUGO 6667 20186 22 1667
398 IDABEL 6180 26788 13 1866
399 KINGFISHER 6239 13212 16 1310
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SOUTHERN CITIES MITH POPULATION OF 3500 OR MORE ARRANGEO BY STATE 10
  STATE-OK
OBS CITY P0P72 RTLSALS STANUM STASALS
400 LAMTON 77553 193032 87 10823
401 LINOSAY 4583 12197 15 1025
402 MC ALESTER 19099 53272 48 3806
403 MIAMI 14099 45345 27 2682
404 MIDWEST CITY 51328 137458 54 6675
405 MUSKOGEE 371B9 111953 70 6354
406 NICHOLS HILLS 4401 6348 4 896
407 NORMAN 57954 127052 70 8272
408 NOWATA 3594 9076 10 989
409 OKLAHOMA CITY 376010 1124480 479 60822
410 OKMULGEE 15034 30009 23 2703
411 PAULS VALLEY 5586 20422 15 1509
412 PAWHUSKA 4054 10321 15 ' 1201
413 PERRY 5368 17106 15 2234
414 PONCA CITY 26267 69326 38 3729
415 POTEAU 5766 22806 19 891
416 PRYOR 7184 29900 28 2552
417 PURCELL 4152 16579 17 2392
418 SALLISAM 5337 18838 17 2802
419 SANO SPRINGS 12639 28986 26 3918
420 SAPULPA 15344 39096 21 2209
421 SEMINOLE 7385 24413 27 2374
422 SHAWNEE 25230 78490 57 5191
423 STILLWATER 32987 66342 48 5435
424 SULPHUR 5250 12 501 16 1354
425 TAHLEOUAH 10337 26035 18 1393
426 THE VILLAGE 14051 23123 14 1815
427 TULSA . 349*47 962667 454 55747
426 VINITA 5812 22219 26 2152
429 WAGONER 5068 13031 ■23 1756
430 WARR ACRES 10650 30561 16 2220
431 WATONGA 3797 10490 11 1235
432 WEATHERFORD 9183 22032 23 2414
433 WEOKA 5165 11610 13 962
434 WOODWARD 8926 40178 19 3306
435 YUKON 11328 49638 15 1592
- STATE”SC
OBS CITY P0P72 RTLSALS STANUM STASALS
436 ' AIKEN 13960 56997 48 4210
437 ANDERSON 25721 182892 83 11310
438 CHARLESTON 67146 263270 91 12669
439 COLUMBIA 117289 370972 158 23490
440 EASLV 11955 56872 35 3356
441 TLORENCE 26267 156484 72 9290
442 GAFFNEY 13969 48283 45 4160
443 GEORGETOWN 10140 389T4 38 3786
444 GREENVILLE 60290 306917 129 15881
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SOUTHERN CITIES UlTH POPULATION OF 3500 OR MORE ARRANGEO BY STATE II
- STATE-SC
OBS CITY P0P72 RTLSALS STAMJH STASALS
445 GREENWOOD 22190 79021 62 5941
446 LAURENS 10448 43122 35 3006
441 ORANGEVILLE 13138 95407 50 7274
448 ROCKHILL 34868 110070 60 6465
449 SPARTANBURG 44582 226920 102 15740
450 SUNTER 24728 127802 66 9337
451 UNION 10898 32947 24 2716
STATE-TN
OBS CITY P0P72 RTLSALS STANUM STASALS
452 ATHENS 11729 46445 31 3216
453 BRISTOL • 20630 103789 41 4559
454 CHATTANOOGA 117081 548915 197 29769
455 COLUMBIA 22407 77635 56 6692
456 COOKEVILLE 16633 63946 48 6407
457 DYERSBURG 14994 62008 41 4546
458 EAST RIOGE 22296 41910 ' 31 6966
459 ELI2ABETHT0N 12578 51420 40 3679
460 GALLATIN 14813 54273 27 3050
461 GREENVILLE 14180 72044 44 3981
462 HUMBOLDT 10442 24606 24 2124
463 JACKSON 42100 155429 79 10344
464 JOHNSON 34331 158491 75 8567
465 KNOXVILLE 194176 619514 260 41421
466 LEBANON ' 13273 54608 SO 5825
467 MARYVILLE 14730 64631 55 6904
468 MCMINNVILLE 11052 49877 41 3726
469 MEMPHIS 655205 1635479 598 99508
470 MILLINGTON 23145 34742 16 3219
471 MORRISTOWN 20135 97519 57 5759
472 MURFREESBORO 28406 97024 50 6638
473 NASHVILLE 593335 1282809 526 85872
474 OAK RIOGE 28557 86556 28 4849
475 REO BANK 13193 29780 21 2618
476 SHELBYVILLE 12684 43134 33 2867
477 UNION 12757 45543 24 3740
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SOUTHERN CITIES WITH POPULATION OP 3500 OR HORE ARRANGED BY STATE 12
STATE-TX
OBS CITY P0P72 RTLSALS STANUR STASALS
478 ABILENE 89510 214611 154 17235
479 ALANO 4326 2273 7 248
480 ALAMO HEIGHTS 6930 22685 14 2726
481 ALICE 19980 61262 40 4682
482 ALPINE 6281 12845 16 1409
483 ALVIN 12573 44162 28 3625
484 AMARILLO 125003 402160 251 30593
485 ANGLETON 10427 26308 21 2508
486 ARANSAS PASS 5622 18343 17 2357
487 ARLINGTON 109207 302527 133 19793
488 ATHENS 10257 40444 26 2798
489 ATLANTA 5235 23802 23. 1906
490 AUSTIN 269435 767728 335 48610
491 AZLE 4954 10009 10 942
492 BALCH SPRINGS 11582 9290 7 573
493 BALLINGER 4063 12727 17 1192
494 BAY CITY 11749 40396 34 4082
495 BAYTOWN 48923 143003 53 8107
496 BEAUMONT 115293 337286 160 18269
497 8E0F0R0 15504 6749 14 1534
498 BEEVILLE 13447 32298 27 2670
499 BELLAIRE 18846 42394 22 3174
500 BELLMEAO 8469 8646 13 1815
501 BELTON 8809 18662 26 2186
502 BENBROOK 10636 9215 17 1946
503 BONHAM 7769 31158 29 1821
504 BORGER 13284 44222 32 2567
50? BOWIE 5326 22763 27 1744
506 BRENHAM 9195 36815 26 2300
507 BRIDGEPORT 3703 11327 -11 1330.
508 BROWNWOOD 17448 53740 45 3893
509 BRYAN 35230 105342 63 7139
510 BURKBURNETT 9620 19399 22 1556
511 CAMERON 5527 12050 14 1411
512 CAROLLTON 20134 48378 25 3959
513 CARRIZO SPNGS 5313 7357 14 1019
514 CARTHAGE 5419 21552 18 1389
515 CASTLE HILLS 6401 11421 9 1600
516 CENTER 5095 24689 14 1985
517 CISCO 4098 8532 21 1845
518 CLEBURNE 16146 57703 45 4077
519 CLEVELAND 5586 33183 21 3327
520 CLUTE CITY 6430 25607 15 1428
521 COCKRELL HILL 3608 9634 9 887
522 COLEMAN 5473 14953 16 1034
523 COLORADO CITY 5028 13707 21 2446
524 COMANCHE 4053 13480 19 1436
525 COMMERCE 10768 21037 20 1492
526 CONROE 12692 75775 40 5019
527 COPPERAS COVE 13780 19675 13 1814
528 CORPUS CHRIS 213524 503469 261 31714
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SOUTHERN CITIES NITH POPULATION OF 3500 OR HORE ARRANGEO BY STATE 13
STATE"TX
OBS CITY POP72 RTLSALS STANUM STASALS
529 CORSICANA 19900 650*0 58 7307
530 CROCKETT 6927 23975 23 2363
531 CRYSTAL CITY 7926 8078 8 5**
532 CUERO 6R8* 15*38 18 1682
533 OALHART 5826 1860* 20 2617
53* OALLAS 885270 25*1628 8*9 1*2623
535 DAYTON 3903 8620 10 1283
536 OEER PARK 1692* 18*1* 1* 2279
537 OEL RIO 21953 56379 *9 *320
53B OENISON 25*02 63237 3* 2627
539 OENTON *37*2 11*9*3 65 8*15
5*0 DENVER CITY *101 9683 13. 1*03
5*1 OEVINE 3518 11096 11 833
5*2 DIBALL 3855 76*1 9 977
5*3 OIMHITT ■ *737 10930 13 1198
5** OONNA 733* 782* 19 136*
5*5 OUNCANVILLE 21826 285*9 16 2352
5*6 EAGLE LAKE 3591 9057 7 1031
5*7 EAGLE PASS 1619* *2506 26 3165
5*a EDINBURG 16882 3*771 3* 3B73
5*9 EDNA 539* 12818 11 11**
550 EL CAMPO 8755 31291 21 2112
551 EL PASO 332896 769893 322 *7360
552 ELECTRA 3753 9353 11 1276
553 ELGIN 3902 880* 10 961
55* ELSA *527 *673 11 820
555 ENNIS 11**8 261*1 19 2863
556. FARMERS BRANCH ' 33238 82388 3* 722*
557 FLOYDADA *183 12582 12 1*32
558 FOREST HILL 8330 1*292 10 1132
559 FORT NORTH *01660 1026782 **0 67**2
560 FREDERICKSBURG 5*87 28109 22 2*19
561 FREEPORT 12076 *3362 25 2795
562 GAINESVILLE 13988 *300* *8 *665
563 GALENA PARK 10*08 15076 22 226*
56* GALVESTON 60820 152**6 66 9008
565 GARLANO 99597 216159 10* 1*32*
566 GATESVILLE *69* 17359 21 1928
567 GEORGETOWN 668* 21201 18 1988
568 GILMER *173 2021* 19 1936
569 GLAOEMATER 55*2 18*92 IB 1129
570 GONZALES 5859 19661 15 1758
571 GRAHAM 7296 21666 2* 1909
572 GRAND PRAIRIE 57 776 90976 85 9032
573 GRAPEVINE 9116 18515 16 1*6*
57* GREENVILLE 22726 6R939 58 5*11
575 GROVES 1B226 33980 16 1377
576 HAL TON CITY 293*2 57186 *6 5*32
577 HARLINGEN 32250 111567 66 6518
578 HASKELL 3589 10989 10 61*
579 HFARNE *95* 108*1 11 10R8
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SOUTHERN CITIES WITH POPULATION OP 3500 OR MORE APRANGEO BY STATE 14
STATE-TX --
OBS CITY PCP72 RTLSALS STANUM STASALS
580 HENDERSON 10297 41218 39 3787
581 HIGHLAND PARK 10078 42653 14 2150
582 HITCHCOCK 5640 4767 11 762
583 HONDO 5596 11315 9 1066
584 HOUSTON 1310222 3760782 1436 20721
585 HUNTSVILLE 19258 50895 42 7197
58b HURST 36343 93029 47 6492
587 INGLES IDE 3947 4404 4 437
588 IOWA PARK 6676 8593 17 921
580 IRVING 118949 219070 n o 15754
590 JACINTO CITY 9567 18057 13 2194
591 JACKSBORO 9763 11416 70 1739
592 JASPER 6600 28791 14 1741
593 KAUFNAN 4253 13738 14 974
594 KENEDY 4184 10511 11 1767
595 KERRVILLE 13747 42622 31 3880
59b KILGORE 9383 43932 30 3043
597 KILLEEN 39193 105698 54 8393
598 KLEBERG 5087 2883 5 676
599 LA MARQUE 16631 25857 19 2180
600 LA PORTE 7984 31261 15 2513
bOI LAKE JACKSON 14516 23120 15 1571
602 LAKE WORTH V 5250 15866 9 1151
603 LAMESA 11395 33671 33 4484
604 LAMPASAS 6123 19372 20 2538
605 LANCASTER 11370 26845 17 2224
606 LAREDO 70929 203865 79 10068
607- LEVELLAND 11736 34555 31 4089
608 LEWISVILLE 11750 41651 . 22 2934
609 LIBERTY 5494 28356 23 1711
610 LITTLEFIELD 6645 19286 20 1048
611 LOCKHART 6576 15284 16 1415
612 LONGVIEW 46795 168786 123 10724
613 LUBBOCK 153842 •1443 54 278 32147
614 LUFKIN 24464 97208 70 8410
615 MARLIN 6247 18061 16 2070
616 MARSHALL 22763 66738 62 6023
617 MATHIS 5224 8385 11 744
618 MCALLEN 38765 182099 59 7160
619 MCGREGOR 4313 11870 11 1305
620 PCKINNEV 15509 47204 25 3109
621 MERCEDES 9084 9840 14 1392
622 MEXICO 5909 21001 18 1264
623 MIOLAHO 58868 154420 112 11452
624 NINEOLA 3950 15777 18 2012
625 MINERAL WELLS 20753 43530 40 3194
626 MISSION 12850 19421 26 2044
627 MOUNT PLEASANT 9065 36806 32 3973
628 NACOGOOCHES 26056 64554 44 3841
629 NAVASATA 5147 14517 19 1131
630 NEDERLAND * 18145 34412 23 2862
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SOUTHERN CITIES WITH POPULATION OF 3500 OR HOPE
STATE-TX
CBS CITY P0PT2 RTLSALS STANUP
631 NEU BOSTON 39*6 153*7 9
632 NORTH RICHLAND 19506 55253 31
633 ODESSA 7800* 223186 131
63* OLNEY 3578 8777 1*
635 CHANGE 2*237 86869 60
636 PALACIOS 3635 6*62 9
637 PALESTINE 1*638 *6298 *3
638 PAN PA 21199 55066 *8
639 PARIS 23990 70167 52
6*0 PASADENA 98562 2*5311 95
6*1 PEARSALL 5677 96*1 13
6*2 PECOS 12672 26593 37-
6*3 PHARR 16215 25193 21
6** PLAINVIEM 19169 68086 **
6*5 PLANO 31587 37680 30
6*6 PLEASANTON 6013 16123 15
6*7 PORT ARTHUR 55707 1*598* 79
6*8 PORT LAVACA 10877 25350 18
6*9 PORTLAND 100*3 12718 17
650 OUANAH 38*1 8578 16
651 RAYMONDVILLE 77*9 1*366 1*
652 REFUGIO *23* 11*1* 1*
653 RICHLAND HILLS 9106 136*1 18
65* RICHMOND 6**1 7557 9
655 RIVER OAKS 81** 13382 13
656 ROBSTOMN 11*26 2763* 26
657 ROCKDALE *691 13350 1*
658- ROCKPORT *110 13*69 1*
659 ROSENBERG 12696 51897 27
660 RUSK *917 105*8 '15
661 SAN ANGELO 6*983 17291* 108
662 SAN ANTONIO 668937 1552153 706
663 SAN BENITO 1*9*5 18621 18
66* SAN DIEGO *519 2551 3
665 SAN JUAN 5232 *02* 7
666 SAN MARCOS 20686 *2618 *0
667 SANSON PARK *907 9269 11
668 SEAGOVILLE *5*1 8577 9
669 SEGUIN 16297 *8068 *2
670 SEMINOLE *880 13596 23
671 SHERNAN 30008 92929 *7
672 SILSBEE 7501 355*3 2*
673 SINTON 5*81 13167 15
67* SLATON 6586 20353 12
675 SNYDER 107*0 35067 39
676 SOUTH HOUSTON 12753 **972 21
677 STEPHENEVILLE 9761 30786 30
678 SULPHUR SPR 10987 **78* 31
679 SWEETWATER 11693 30515 39
680 TAYLOR 9201 25197 17























































Table A1 (C ontd.)
SOUTHERN CITIES HITH POPULATION OF 3500 OR HORE ARRANGED BY STATE 16
--------------  STATE-TX -----------------
CBS CITY P0P72 RTLSALS STANUM STASALS
682 TERRELL 16259 63576 61 '6285
683 TEXARKANA 30557 130776 65 6051
686 TEXAS CITY 60565 77565 61 5361
685 TULIA 5506 16053 21 2386
686 TYLER 59269 218155 136 16612
687 UNIVERSAL PARK 23559 58603 17 3898
688 UVALDE 10863 32687 33 3089
689 VERNON 11323 28558 35 2569
690 VICTORIA 63625 129356 87 9666
691 VIDOR 11631 21672 26 2516
692 WACO 96869 276650 161 15621
693 UAXAHACHIE 13600 60751 39' 3976
696 WEATHERFORD 12229 61637 67 5178
695 WFSLACO 15269 31717 27 1638
696 WEST UNIVERSIT 13077 17267 11 2651
697 WESTWORTH 6925 1711 6 703
698 WHARTON 8670 28399 26 2606
699 YOAKUN 5756 15210 19 1263
-  STATE-VA
OBS CITY P0P72 RTLSALS STANUM STASALS
700 ALEXANOEIA 115797 365378 159 21632
701 ANNANOALE 27625 103003 63 10336
702 ARLINGTON 175016 678352 152 23832
703- BRISTOL 16662 66799 60 6307
706 CHARLOTTESVILL 61376 178867 .55 10603
705 CHESAPEAKE 89956 97307 85 12772
706 COLONIAL HEIGH 16833 32099 16 2626
707 DANVILLE 66356 163666 89 9173
708 FAIRFAX 66681 189316 93 25577
709 FALLS CHURCH 10895 101293 28 6356
710 FREDERICKSBURG 16621 106980 51 8793
711 HAMPTON 129306 260770 92 15818
712 HARRISONBURG 15265 89298 37 8085
713 HOPWELL 26936 56137 63 6268
716 JEFFERSON 25651 56886 17 5169
715 LYNCHBURG 53962 211609 75 13503
716 MARTINSVILLE 19869 98090 50 5656
717 NEW PORT 166166 308739 126 18668
718 NORFOLK 308567 705910 297 33363
719 PETERSBURG 35973 153123 63 10063
720 PORTSMOUTH 110231 2292 73 176 50728
721 PULASKI 10262 36636 10 1905
722 RAOFORO 12166 32636 18 2168
723 RICHMOND 256361 771753 209 36865
726 ROSNOKE 91175 299666 109 15687
725 SALEM 23606 96396 31 6138
726 STANTON ' 25006 88681 33 5511
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o es CITY P0P72 RTLSALS STANUN STASALS
731 BECKLEY 20150 123876 39 6469
732 BlUEFtELO 153.70 67619 29 • 5173
733 CHARLESTCN 69117 327161 87 18430
734 CLARKSBURG 24287 68871 36 5491
735 FAIRMONT 25832 104194 43 5813
736 HUNTINGTON 72665 240477 126 12789
737 MARTINSBURG 14521 64729 25 3985
738 MORGANTOWN 31250 90001 41 6650
739 MOUNOSVILLE* 13273 36721 24 2883
740 PARKERSBURG 44093 163569 ' 68 8372
741 S.CHARLESTON 15850 44624 19 3069
742 ST ALBANS 14215 54911 28 4506
743 VIENNA 12083 12502 9 1178
744 WEIRTON 26925 62733 38 3504
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S e r v ice  S ta tio n  
O perating R
OBS STATE CITY GALLONS TSRATIO
i ALABAMA BIRMINGHAM 26874 181.44
2 ALASKA ANCHORAGE 65418 213.333 ALASKA S.E.ALASKA 67642 233.964 ARKANSAS FORT SMITH 35130 130.185 ARKANSAS LITTLE ROCK 37892 138.5 76 COLORADO COL.SPRINGS 35803 196.437 COLORADO DURANGO 28277 181.35
a COLORADO PUEBLO 30403 171.439 O.C. O.C. 54306 153.5810 FLORIOA DAYTONA 42334 149.5011 FLORIOA E.C.FLORIOA 33910 165.0012 FLORIDA FORT MEYERS 40829 153.2613 FLORIDA GAINESVILLE 484 70 151.15
14 FLORIOA JACKSONVILE 34386 142.0013 FLORIDA MIAMI . 39069 153.4016 FLORIDA ORLANDO 37711 128.9117 FLORIOA N.PALM 8EAC 3713B 108.70
i a GEROGIA ATLANTA 44491 175.5419 GEROGIA ROME 4463 7 116.1920 GEROGIA SAVANAH 38488 204.5021 IDAHO IDAHO FALLS 25398 222.2622 IDAHO POCATELLO 23196 207.3623 IDAHO M.IDAHO 25236 159.8224 ILLINOIS CHAMPAIGN 44 780 207.8523 ILLINOIS CHICAGO C. 50512 164.5726 ILLINOIS CHICAGO HIT 44086 162.3627 ILLINOIS PEnRIA 36352 181.2228 ILLINOIS ROCK R A N D 38853 135.4729 ILLINOIS SPRINGFIELD 30679 215.0630 ILLINOIS STERLING 31126 216.43
31 ILLINOIS W.C.ILL. 36052 189.1632 INDIANA EVANSVILLE 39412 159.2833 INDIANA GARY 43577 180.8534 INDIANA INOIANAPOLI 45552 126.38
35 INDIANA TERRE HAUTE 28805 190.9636 IOMA .CEOAR RAPID 25682 212.4837 IOWA IMOA S.M. 30679 328.57
38 KENTUCKY LEXINGTON 38250 148.4239 KENTUCKY LOUISVILLE 42948 162.3240 K1NSAS To p e k a 28080 222.96
41 MARYLAND S.MARYLAND 43285 149.9442 MARYLAND S.PRINCE G. 61399 136.38
43 MARYLAND SUBURBAN MD 54035 140.4044 MASS. BOSTON 40694 186.04
45 MASS. S.E.HASS. 45178 131.9946 MICHIGAN BATLE CREK 35472 185.6547 MICHIGAN DETROIT 56744 128.09
48 MICHIGAN FLINT 55504 134.61
49 MICHIGAN GRAND RAPID 42081 173.63
50 MICHIGAN JACKSON 32569 196.63
51 MICHIGAN KALAMAZOO 31148 216.75
52 MICHIGAN LANSING 40195 206.3553 MICHIGAN OAKLAND 51430 148.65
and
?GPGALON C GPSALES^ kLABOR EXPENSF
16.40 20.05 23.17 137.1626.00 27.00 43.50 220.5726.40 27.40 42.60 212.0415.00 19.30 27.60 111.8716.70 20.60 37.40 143.8216.70 20.80 40.90 134.8317.80 20.80 34.60 133.4617.20 22.30 36.00 125.9918.70 23.50 42.60 138.6015.50 19.60 37.70 110.1515.00 19.70 37.70 105.1914.00 18.20 35.40 113.0716.90 20.10 41.80 121.6015.00 21.00 39.00 120.3317.20 20.40 37.60 146.5715.00 19.50 38.90 119.0415.70 19.90 37.10 124.0319.90 23.70 35.32 164.1015.10 20.00 42.00 122.9117.00 21.34 24.64 129.7119.50 23.40 28.00 134.7319.80 22.20 39.20 154.4317.70 20.20 27.50 129.7712.50 16.50 28.80 101.1121.00 24.70 29.40 175.5919.10 22.70 33.50 164.2919.80 23.30 29.40 153.0718.40 22.20 27.90 152.27
21.20 24.40 30.90 169.0821.60 24.20 29.80 168.2719.R0 22. BO 30.10 155.9016.80 20.90 32.60 130.3419.10 23.10 42.60 129.6813.BO 17.80 40.20 112.60
17.90 21.51 31.91 139.8118.90 23.10 27.80 147.1520.40 21.30 43.30 172.90
18.30 . 22.20 38.50 144.5816.10 19.90 39.40 129.7719.40 22.10 39.80 155.46
16.50 20.89 35.50 128.1716.30 20.40 39.40 125.47
17.50 21.70 41.60 136.65
16.00 19.40 44.80 129.0014.10 18.10 40.50 108.18
20.80 24.90 33.20 167.17
15.40 19.10 33.21 133.85
15.70 19.77 33.52 134.47
16.70 20.40 29.60 131.81
20.04 26.80 31.20 173.92
21.50 24.30 32.90 177.59
19.91 26.30 30.80 171.01
17.40 21.20 29.80 136.47
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OBS STATE CITY GALLONS
54 MICHIGAN UPPER PNSLA 29447
55 MINNESOTA S.W.C.MINN. 26213
56 MISSOURI KANSAS CITY 3633457 MISSOURI SEOALIA 2664B
58 MISSOURI ST LOUIS 48226
59 MONTANA C.MONTANA 2381560 MONTANA HELENA 324 74
61 MONTANA HIGHLINR 22974
62 N.CAROLINA GREENSBORO 40786
63 N.J. SOUTHERN 30541
64 NEBRASKA OMAHA 32795
65 NEVADA RENO 4364366 NEM MEXICO ALBUQUERQUE 31654
67 NEM MEXICO LAS CRUCES 20717
68 NEW MEXICO W.C.NRTH 30210
69 OHIO AKRON 4340370 OHIO CLEVELAND 4464271 OHIO LIMA 32643
72 OHIO NEWARK 32 759
73 OHIO TOLEDO 2772374 OHIO YOUNGSTOWN 38839
75 OKLAHOMA MCALESTER 22339
76 OKLAHOMA OKLA. CITY - 3181277 OKLAHOMA TULSA 30621
78 OREGON ALBANY 3409879 OREGON BEND 32216
80 OREGON EUGENE 3827381 OREGON MEOFORO 36251
82 OREGON PORTLAND 40688
83 OREGON PORTLAND SW 46489
84 OREGON ROSEBURG 32652
85 OREGON SALEH 3959586 PA BEAVER C. 2856487 PA JOHNSTOWN 45660
88 PA N.W.PA. 2671689 PA PHILAOELPHI 35851
90 R.t. R . I. 53308
91 S.OAKOTA N.E.S.DAKOT 24534
92 S.DAKOTA RAPID CITY 35911
93 S.DAKOTA SIOUX FALLS 41232
94 TENNESSEE MEMPHIS 38948
95 TEXAS ABILENE 3119796 TEXAS DALLAS 51019
97 TEXAS EL PASO 3295998 TEXAS HOUSTON MEN 4383899 TEXAS HOUSTON N.E 32081
100 TEXAS HOUSTON N.W 49146101 TEXAS HOUSTON S.E 40000
102 TEXAS HOUSTON S.M 38090
103 TEXAS MISLAND 45200
104 TEXAS SAN ANTONIO 31476
105 TEXAS TVLER 25423
106 TEXAS WACO 34 741
A2 ( Contd.)
TSRATIO GPGALON GPSALES LA80R FXPFNSE
184.85 15.50 18.30 33.20 t16.28196.66 16.20 19.36 31.93 131.30189.31 16.80 20.30 48.10 119.73167.21 16.93 20.90 36.01 122.72181.83 17.70 22.50 41.00 140.98226.39 19.60 22.20 28.40 128.12142.81 13.40 19.50 30.00 101.80256.91 21.10 23.10 25.40 146.04163.15 15.10 21.20 39.50 114.81216.28 16.50 19.70 38.60 130.53239.51 20.50 25.20 35.20 157.73165.78 19.30 23.00 34.20 184.69189.88 19.2 7 23.01 38.40 143.65231.11 20.70 . 23.90 36.30 159.80159.27 18.80 22.90 33.60 133.71106.25 12.20 16.67 29.61 82.19131.42 14.70 18.90 31.70 106.74139.06 14.70 19.00 35.70 104.6797.73 13.40 17.65 ' 33.67 104.42214.51 18.30 21.70 33.40 177.33145.60 13.60 17.60 34.80 97.99188.08 19.20 23.10 46.60 215.06
142.40 15.90 21.90 39.30 121.12192.38 18..20 21.50 43.50 154.27146.57 14.80 19.70 29.40 98.41105.57 14.50 19.70 25.60 100.48
95.80 13.40 18.70 39.70 102.14102.68 13.10 17.50 35.30 108.08134.86 15.80 20.00 35.60 11 7.18121.07 14.80 19.70 40.50 110.25
73.39 13.80 19.00 30.80 109.90
112.78 13.00 17.90 33.80 95.72182.40 21.70 24.80 35.30 153.30
112.51 12.20 15.30 41.40 98.40
179.6B 17.20 20.80 30.50 125.90146.61 14.90 19.20 33.00 108.18116.27 11.90 15.90 37.70 90.52
187.24 17.60 20.60 31.10 132.46
212.50 17.50 19.90 36.30 141.19194.91 16.80 21.90 31. 10 127.04
147.50 15.70 19.40 36.70 127.30
95.01 15.20 21.00 79.30 117.31148.90 12.40 18.60 40.40 158.86
161.61 17.80 22.70 40.30 140.39
136.75 16.50 22.10 33.90 120.8469.91 12.50 17.08 28.85 96.93
93.36 13.00 18.52 32.96 95.93
137.35 15.00 21.00 30.00 120.00
107.09 14.40 20.40 29.90 100.45
114.05 15.30 20.70 35.60 122.41
154.48 16.40 21.10 39.30 135.80
122.68 15.00 21.00 31.00 133.47
138.28 14.90 20.60 32.90 136.43
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Table A2 (C ontd .)
OBS STATE CITY GALLONS TSRATIO GPGALON GPSALES LABOR EXPENSE
107 UTAH OGDEN 25291 262.69 21.3 23.80 35.70 157.8910B UTAH PROVO 22073 256.66 21.6 23.90 33.10 153.96109 UTAH RICHFIELD 23252 222.72 18.9 20.80 32.60 133.88110 UTAH SALT LAKE C 27895 221.79 18.8 22.20 36.00 169.82111 VIRGINIA N.VIRGINIA 56306 153.58 18.0 21.60 62.60 138.6011Z VIRGINIA RICHMOND 57078 101.58 13.9 18.10 39.70 109.90113 w .v i r g i n i a CHARLESTON 50922 150.36 15.9 19.90 32.60 110.0011* H.VIRGINIA PARKERSBURG 61226 128.09 16.2 21.10 31.90 132.00115 WASHINGTON BELLEVUE 6100B 129.66 16.8 18.20 38.20 123.98116 WASHINGTON BELLINGHAM 36638 162.73 16.9 20.70 36.30 129.09117 WASHINGTON EVERETT 38836 117.27 12.6 16.70 28.90 91.161 IB WASHINGTON KENT 62866 157.96 16.2 21.00 38.70 128.67119 WASHINGTON OLYMPIA 37810 160.79 16.8 20.50 36.50 127.07120 WASHINGTON SEATTLE 66827 132.07 15.1 19.60 35.50 126.86121 WASHINGTON SPOKANE 36237 173.22 18.6 22.10 36.60 136.Z0122 WASHINGTON TACOMA 606B6 160.68 15.0 19.10 37.60 118.76123 WASHINGTON WALLA WALLA 27676 162.86 18.1 21.80 35.00 130.76126 WASHINGTON WENATCHEE 29871 168.88 15.7 19.00 31.90 118.67125 WASHINGTON YAKIMA 29836 138.97 15.7 19.50 37. 20 115.29126 WISCONSIN LA CROSSE 22101 221.60 23.9 25.82 36.11 169.55127 WISCONSIN MADISON 27085 253.96 19.2 21.80 37.80 165.08
128 WISCONSIN MILWAUKEE 31885 208.02 16.5 20.16 32.63 127.36129 WISCONSIN RHINELANOER .20826 205.00 16.7 20.00 30.00 118.98
130 WISCONSIN S.WISCONSIN 29666 265.65 20.8 21.30 39.60 159.61
131 WISCONSIN SHEBOYGAN 26025 187.50 18*6 26.00 36.00 165.30
132 WTONING RAWLINS 26680 158.66 16.8 17.00 29.60 112.02
"Ttotal S a le s  R atio  in c lu d e s  d o l la r  s a le s  o f  motor o i l s ,  t i r e s  and tu b e s ,  
b a t t e r i e s ,  a c c e s sb r ie s  and p a r t s ,  lu b e , la b o r , and o th ers  computed 
on a  p er  1000 g a llo n s  o f  .g a s o lin e  s o ld  b a s i s .
^Gross p r o f i t s  per g a llo n ,  
j*Gross p r o f i t s  p er  s a l e s .
^Labor as a  p ercen tage o f  g ro ss  p r o f i t s .
^Expenses ex p ressed  in  d o lla r s  per 1000 g a llo n s  o f  g a so lin e  s o ld .
Source: N a tio n a l Petroleum  News, Factbook I ssu e  (Ju n e, 1 9 7 8 ), PP .120-123.
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10 Outlets 20 Outlets 30 Outlets
No. o f Average No.of Marginal Average No. o f Average No. o f Average No. o f Average
Outlets Revenue Outlets Revenue Revenue Outlets Revenue Outlets Revenue Outlets Revenue
19 1*20.372k 332.79 5 — 169.12 5 169.12 5 169.12 5 169.12
29 275.1*1 10 201.58 185.35 10 185.35 10 185.35 10 185.353k 23>*.91 15 219.17 196.62 10 11*0 . 1*1* 15 196.62 15 196.62
39 20U.79 20 191.1*3 195-32 10 112.95 20 195.32 20 195.32
1*1* 181.52 25. 150.50 186.36 10 9l».91 20 156.10 25 186.36
1*9 . 163.00 30 113.70 171*. 25 10‘ . 82.38 20 127.08 30 171*. 25
51* ll*7.91 35 85.31* 161.55 10 73.28 20 105.73 30 11*9.65
59 135.37 1*0 61*.63 11*9.1*3 10 66.1*2 20 89.85 30 128.23
-*• 61* 12I4. 8O -*• 1*5 -*■ 1*9.69 -*■ 138.35 10 -*■ 61.09 20 -*■ 77.83 -*• 30 -*■ 110.31
69 115.75 50 38.87 128. 1*0 10 56.81* 20 68.55 30 95.61
7U 107.93 55 30.93 119.51* 10 53.1*0 20 61.25 30 83.63
79 101.10 60 25.01 111.66 10 50.51* 20 55.1*0 30 73.87
-*■ Market area saturation le v e l .  Hie area i s  assumed to  contain 62 o u tlets  at th is  le v e l.
The area's market p o ten tia l i s  assumed to  be equal to  $7,897,000.
Source: The firm 's Market Response Function, and author's computations based on hypothetical data.
Table A4
Shopping Centers Located in the 
Northwest Quadrant 
Houston, Texas




1 503 North Main at Quitman Shopping D istr ic t N.Main & Quitman 53 000
2 503/508 Pulton V illage 2800 Fulton 83 700
3 507 North Main Shopping Center N.Main & Temple 80 000h 511/512/513 Heights Shopping D istr ic t W. 20th. & Yale 255 000
5 513/518 North Shepherd Shopping Center N.Shepherd & W. 30th. 76 000
6 513/516/518 Merchant Park Shopping Center N.Shepherd & W. 11th 180 000
7 517 Eagle Center W. 3fcth & Mangum Rd. 75 000
8 517 E lla  Shopping Center E lla  Blvd. & Grovewood 50 000
9 517 J ester  Blvd. Shopping Center 3*»th A West T.C. Jester 65 000
10 517 Northbrook Shopping Center Northwest Frwy. & W. 3kth. 168 000
11 517 Northwest Mall 1700 N.Loop West 909 750
12 518 K -  Mart Jester  Plaza IU31 W. 20th. 110 000
13 518 J ester  V illage West .T.C.Jester & West 18th. 80 250
ll* 519 King Mart Pinemont & E lla 70 000
15 519 • Garden Oaks Shopping D istr ic t N.Shepherd & Heidrick 1*89 000
16 519/525 Oak Plaza Shopping Mart N.Shepherd & Pinemont 120 000
17 520 Northline Shopping City I — i»5 & Crosstimbers 850 000
18 520 Gemco -  Northwest 1*711 A irline 120 000
19 523 Northtown Plaza I  — 1»5 & Tidwell 111 000
20 523 Woolco -  West Parker W.Parkeh & 1-1*5. 200 000
21 526 Magnum Shopping Center Magnum A W. 1* 3rd 65 000
22 526 Oak Forest Shopping d is tr ic t W. I»3rd & E lla  Blvd. 210 000
23 529 Forest West Antoine A Pinemont 108 700
' 2h 530 Inwood Forest Shopping Center W. L itt le  York Rd. A Antoine 70 000
25 531 K-Mart Plaza at W. L itt le  York W. L itt le  York A 1-1*5- 102 000
26 532 White Plaza Shopping Center U t t le  York A A irline 60 000
27 532 1*5 York Plaza 1 — 1*5 A W. L itt le  York Blvd. 95 000
Total A ll Centers: 1* 856 1*00
Source: Harris County Shopping Center Directory, Houston Chamber o f Commerce, Division o f Research, 1976. 282
Table A5
Population of Census Tracts 
501 -  532, 5^0 











501 Single-Family 36 2.9393 106
Multi-Family 11 1.5898 17
Total 47 2.6170 123
502 Single-Family 994 2.9197 2 902
Multi-Family 324 2.1372 693
Total 1 318 2.7276 3 595
503 Single-Family 3 362 3.4246 11 516
Multi-Family 730 2.7763 2 207
Total 4 092 3.3536 13 723
504 Single-Family 974 3.3448 3 258
Multi-Family 283 2.0009 566
Total 1 257 3.0422 3 824
505 Single-Family 1 527 3.0931 4 723
Multi-Family 462 2.6122 1 207
Total 1 98 9 2.9814 5 930
506 Single-Family 3 125 2.3684 7 401
Multi-Family 1 227 2.0901 2 565
Total 4 352 2.2900 9 966
507 Single-Family 3 145 2.5310 7 960
Multi-Family 599 2.3960 1 435
Total 3 744 2.5093 9 395
508 Single-Family 1 558 3.4524 5 379
Multi-Family 239 2.5062 599
Total 1 797 3-3267 5 978
509 Single-Family 3 979 2.8986 11 534
Multi-Family 353 2.1567 761
Total 4 332 2.8441 12 295
510 Single-Family 1 955 3.0934 6 048
Multi-Family 203 3.5148 714
Total 2 158 3.1335 6 762
511 Single-Family 2 438 2.6049 6 458
Multi-Family 216 1.9819 428
Total 2 654 2.5946 6 886
512 Single-Family 2 639 2.3519 6 207
Multi-Family 739 2.1548 1 593
Total 3 378 2.3091 7 800
513 Single-Family 1 093 2.6127 2 856
Multi-Family 164 2.5243 414
Total 1 257 2.6014 3 270
514 Single-Family 1 917 2.8435 5 451
Multi-Family 832 2.6735 2 224
Total 2 749 2.7919 7 675
515 Single-Family 2 111 2.6889 5 676
Multi-Family 2 090 1.8292 3 823
Total 4 201 2.2611 9 499
516 Single-Family 2 309 2.9106 6 721
Multi-Family 310 2.3033 714
Total 2 619 2.8389 7 435
517 Single-Family 3 767 3-0677 11 556
Multi-Family 5 502 2.0235 11 133
Total 9 269 2.4478 22 689
518 Single-Family 3 807 2.8631 10 900
Multi-Family 1 417 2.3141 3 279
Total 5 224 2.7142 14 179
519 Single-Family 3 941 3.0106 11 865
Multi-Family 984 2.3807 2 343
Total 4 925 2.8849 14 208
520 Single-Family 3 088 3.3038 10 202
Multi-Family 2 093 2.2178 4 642




(c o n td .)
Census Housing Number of Persons Per Total
Tract Type Households Household Population
521 Single-Family 3 239 2.7454 8 892
Multi-Family 664 2.4424 1 622
Total 3 903 2.6938 10 514
522 Single-Family 3 532 3-1576 11 153
Multi-Family 132 2.3760 327
Total 3 664 3.1332 11 480
523 Single-Family 3 240 3.2438 10 510
Multi-Family 2 555 2.8164 7 196
Total 5 795 3.0554 17 706
524 Single-Family 724 3.0148 2 183
Multi-Family 27 2.9569 80
Total 751 3.0133 2 263
525 Single-Family 3 997 3.5575 14 219
Multi-Family 777 3.1781 2 469
Total 4 774 3.4956 16 688
526 Single-Family 4 859 3.0831 14 981
Multi-Family 200 2.7012 540
Total 5 059 3.0680 15 521
527 Single-Family 2 799 3.5807 10 022
Multi-Family 1 125 2.5412 2 859
Total 3 924 3.2826 12 881
528 Single-Family 700 3.9324 2 753
Multi-Family 215 2.4874 535
Total 915 3.5934 3 288
529 Single-Family 2 016 3.4482 6 952
Multi-Family 1 707 2.7533 4 700
Total 3 723 3.1297 11 652
530 Single-Family 5 173 3.5447' 18 337
Multi-Family 649 3.1818 2 065
Total 5 822 3.5049 20 402
531 Single-Family 5 530 3.4837 19 265
Multi-Family 743 3.3858 2 516
Total 6 273 3.4722 21 781
532 Single-Family 3 785 3.5553 13 457
Multi-Family 101 2.8017 283
Tot al 3 886 3.5358 13 740
540 Single-Family 4 924 3-3571 16 530
Multi-Family 52 2.7421 143
Total 4 976 3.3507 16 673
Total Single-Family 92 283 ‘ 3.1205 287 973
a l l Multi-Family 27 725 2.4051 66 682
Tracts Total 120 008 2.9553 354 655
Harris Single-Family 546 824 3.2352 1 769 085
County Multi-Family 255 668 2.1398 547 078
Total. Total 802 492 2.9236 2 346 167
Source: Adapted from Population, Households, and Dwelling Units in  
Harris County Census Tracts (Houston, Texas: D ivision o f  
Research, Houston Chamber o f Commerce, 1976); and the New 
R esidential E lectr ica l Connections, 1976, 1977, and 1978 
ReportB, Houston Chamber o f Commerce.
Table A6 
The Problem o f  A llo c a t in g  the DGPs to  th e DSPs: 
The O b jectiv e  Function and R elated  
C apacity and Demand C o n stra in ts .
1 S T A T I S T I C A L  A N A L Y S I S  S Y S T E M
NOTEO THE JOB ALLCATE HAS BEEN RUN UNDER RELEASE 7 6 .6C OF SAS AT LOUISIANA STATE UNIVERSITY.
1 DATA
NOTEO DATA SET VORK.OATA1 HAS I OBSERVATIONS AND 0 VARIABLES. 4766 OBS/TRK.
NOTEO THE OAT A STATEMENT USED 0 .1 J  SECONDS AND IOOK.
2 PROC SAS72 PARMCAHDS4
3  PROC LP MIN MPS
4 PARMCAHDS
5 F*
6 2X001 *  10X002 4 14X003 4 35X004 4 47X005 *• 32X006 ♦ 81X007 4 47X008
7 72X009 4 88X010 4 65X011 4 50X012 4 52X013 4 76X014 4 59X015 4 67X016'
8 42X017 4 46X018 4 60X019 4 76X020 4 92X021 4 71X022 4 106X023 4 119X024
9 87X025 4 72X026 4- 84X027 4 4X028 4 8X029 4 20X030 4 41X031 4 53X032
10 38X033 4 87X034 4 53X035 4 78X036 4 94X037 4 71X038 4 56X039 4 S8X040
11 82X041 4 65X042 4 73X043 4 48X044 4 52X04S 4 66X046 4 82X047 4 98X048
12 77X049 4 112X050 4 125X051 4 93X052 4 78X053 4 90X054 4 11X055 4 7X0S6
13 5X057 4  26X058 4 38X059 4 23X060 4 72X061 4 38X062 4 63X063 4 79X064
14 56X065 4 41X066 4 43X067 4 67X068 4 S0X069 4 S8X070 4 33X071 4 37X072
15 51X073 4 67X074 4 83X075 4 62X076 4 97X077 4 110X078 4 78X079 4 63X080
16 75X081 4 11X082 4 19X083 4 15X084 4 36X085 4 48X086 4 33X087 4 82X088
17 48X089 4 73X090 4 89X091 4 66X092 4 51X093 4 S3X094 4 77X095 4 60X096
18 68X097 4 43X098 4 47X099 4 61X100 4 77X101 4 93X102 4 72X103 4 107X104
19 120X10S 4 88X106 4 73X107 4 85X108 4 19X109 4 27X110 4 21X111 4 24X112
20 36X113 4 21X114 4 70X115 4 36X116 4 61X117 4 77X118 4 54X119 4 39X120
21 41X121 4 65X122 4 48X123 4 56X124 4 45X125 4 45X126 4 49X127 4 65X128
22 81X129 4 60X130 4 95X131 4 108X132 4 76X133 4 69X134 4 73X135 4 18X136
23 16X137 4 10X138 4 19X139 4 31X140 4 16X141 4 65X142 4 31X143 4 56X144
24 72X145 4* 49X146 4 34X147 4 36X148 4 60X149 4 43X150 4 51X151 4 34X152
25 34X153 4 44XIS4 4 60X155 4 76X156 4 55X157 4 90X158 4 103X159 4 71X160
26 58X161 4 68X162 4 27X163 4 23X164 4 11X16S 4 10X166 4 22X167 4 23X168
27 56X169 4 32X170 4 47X171 4 63X172 4 42X173 4 25X174 4 27X175 4 51X176
28 34X177 4 42X178 4 23X179 4 23X180 4 3SX181 4 51X182 4 67X183 4 46X184
29 81X185 4 94X186 4 62X187 4 47X188 4 59X189 4 15X190 4 9X191 4 13X192
30 24X193 4 36X194 4 35X195 4 70X196 4 44X197 4 61X198 4 77X199 4 54X200
31 39X201 4 41X202 4 6SX203 4 48X204 4 56X205 4 31X206 4 35X207 4 49X208
32 65X209 4 81X210 4 60X211 4 95X212 4 108X213 4 76X214 4 61X215 4 73X216
33 24X217 4 20X218 4 20X219 4 27X220 4 27X221 4 42X222 4 59X223 4 51X224
34 50X225 4 66X226 4 61X227 4 42X228 4 46X229 4 54X230 4 37X231 4 45X232
35 20X233 4 24X234 4 38X235 4 54X236 4 70X237 4 49X238 4 84X239 4 97X240
36 65X241 4 50X242 4 62X243 4 55X244 4 51X245 4 39X246 4 18X247 4 14X248
37 29X249 4 38X250 4 38X251 4 33X252 4 45X253 4 48X254 4 29X255 4 33X256
38 23X257 4 6X258 4 14X259 4 17X260 4 17X261 4 21X262 4 23X263 4 39X264
39 18X265 4 53X266 4 66X267 4 34X268 4 41X269 4 31X270 4 52X271 4 48X272
40 36X273 4 15X274 4 9X275 4 24X276 4 33X277 4 33X278 4 28X279 4 40X280
41 43X281 4 24X282 4 28X283 4 26X284 4 9X285 4 17X286 4 22X287 4 22X288
42 26X289 4 26X290 4 42X291 4 21X292 4 56X293 4 69X294 4 37X295 4 46X296
43 34X297 4 35X298 4 31X299 4 19X300 4 2XJ01 4 14X302 4 13X303 4 48X304
44 22XJ05 4 39X306 4 55X307 4 32X308 4 17X309 4 19X310 4 43X311 4 26X312
45 34X313 4 33X314 4 33X315 4 37X316 4 43XJI7 4 59X318 4 J8X319 4 73X320
46 86X321 4 S4X322 4 57X323 4 51X324 4 51X325 4 47X326 4 35X327 4 14X328
47 8X329 4 17X330 4 32X331 4 16X332 4 23X333 4 39X334 4 26X33S 4 7X336
48 11X337 4 27X338 4 20X339 4 28X340 4 39X341 4 39X342 4 43X343 4 43X344
49 4 3X34S 4 22X346 4" 57X347 4 70X348 4 48X349 4 63X350 4 51X351 4 31X352
285
2 S T A r  I
50 31X353 4- 25X354 4 18X355 4 1BX356
51 59X361 4 36X362 4 21X363 4 23X364
52 49X369 4 53X370 4 53X371 4 63X372
53 73X377 4 61X37S 4 38X379 4 46X380
54 47X38S 4 13X386 4 38X387 4 54X388
55 45X393 4 53X394 4 64X395 4 64X396
56 72X401 4 85X402 4 73X403 4 88X404
5 7  28X409 4 28X410 4 13X411 4 50X412
58 19X417 4 21X418 4 45X419 4 40X420
59 63X425 4 61X426 4 40X427 4 75X428
60 87X433 4 83X434 4 71X435 4 50X436
61 13X441 4 7X442 4 20X443 4 35X444
62 55X449 4 5SX4S0 4 59X4S1 4 59X452
63 64X457 4 79X458 4 67X459 4 72X460
64 38X465 4 17X466 4 23X467 4 12X468
65 16X473 4 19X474 4 27X475 4 38X476
66 7X481 4 36X482 4 49X483 4 47X484
67 51X489 4 30X490 4 18X491 4 33X492
68 42X497 4 23X498 4 27X499 4 11X500
69 27X505 4 27X506 4 27X507 4 8X508
70 35X513 4 48X514 4 44X515 4 32XSI6
71 51X521 4 46X522 4 58X523 4 6 1XS24
7 2  21X529 4' 4X530 4 4X531 4 14X.S32
73 73X537 4 41X538 4 28X539 4 38X540
74 39X545 4 54X546 4 63X547 4 63X548
75 58X553 4 30X554 4 27X555 4 19X556
76 56X561 4 39X562 4 58X563 4 71X564
77 72X569 4 60X570 4 51X571 4 51X572
78 82X577 4 85X578 4 66X579 4 70X580
79 28X58S 4 16X586 4 16X587 4 68X588
80 4X593 4 10X594 4 77XS95 4 73X596
81 64X601 4 64X602 4 S9X603 4 71X604
82 28X609 4 20X610 4 33X611 4 29X612
83 57X617 4 44X618 4 12X619 4 15X620
84 40X625 4 30X626 4 45X627 4 54X628
85 45X633 4 49X634 4 21X635 4 18X636
86 SX64 1 4 47X642 4 30X643 4 47X644
87 106X649 4 102X650 4 90X6SI 4 69X652
88 32X657 4 40X658 4 43X659 4 54X660
89 62X665 4 . 58X666 4 44X667 4 28X668
90 31X673 4 46X674 4 34X675 4 92X676
91 58X681 4 17X682 4 43X683 4 18X684
92 16X689 4 31X690 4 27X691 4 48X692
93 19X697 4 16X698 4 29X699 4 47X700
94 97X705 4 76X706 4 64X707 4 79X708
95 46X713 4 61X714 4 59X715 4 35X716
96 61X721 4 61X722 4 19X723 4 40X724
97 69X729 4 145X730 4 141X731 4 129X732
98 96X737 4 71X738 4 55X739 4 78X740
99 76X745 4 101X746 4 97X747 4 85X748
100 48X753 4 90X754 4 105X755 4 93X756
101 91X761 4 106X762 4 S7X763 4 91X764
102 86X769 4 62X770 4 79X771 4 71X772
103 46X777 4 67X778 4 32X779 4 21X780
104 130X785 4 118X786 4 97X787 4 85X788
105 46X793 4 67X794 4 82X795 4 80X796
A6
I.)
S T 1 C A L A N A L Y S I S S Y S T E M
4 3X357 S2X358 18X359 4 3X360 4
4 47X365 30X366 38X367 49X368 4
4 42X373 77X374 90X375 58X376 4
4 40X381 ' 33X382 - 33X383 18X384 4
4 31X389 18X390 18X391 42X392 4
4 68X397 68X398 58X399 37X400 4
4 76X405 33X406 41X407 35X408 4
4 16X413 41X4|4 57X415 34X416 4
4 48X421 59X422 59X423 63X424 4
4 88X429 68X430 83X431 71X432 4
4 38X437 53X438 4X439 38X440 4
4 33X445 33X446 36X447 44X448 4
4 7X4S3 24X454 21X455 34X456 4
4 68X461 56X462 35X463 23X464 4
4 24X469 27X470 20X471 18X472 4
4 38X477 42X478 42X479 22X480 4
4 62X485 50X486 67X487 63X488 4
4 32X493 32X494 27X495 39X496 4
4 6X501 12X502 23X503 23X504 4
4 41X509 54X510 32X511 47X512 4
4 27X517 27X518 42X519 51XS20 4
4 42X525 46X526 30X527 15X528 4
4 30XS33 46X534 27X535 60X536 4
4 50XS4 1 46X542 34X543 39X544 4
4 58X549 70XS5O 73XS51 54X552 4
4 8X557 8X558 12X559 28XS60 4
4 39XS65 24X566 36X567 76X568 4
4 66X573 75X574 75X575 70X576 4
4 42X581 39X582 31X583 32X584 4
4 51X589 68X590 53X591 13X592 4
4 61X597 40X598 40X599 55X600 4
4 74X605 55X606 59X607 31X608 4
4 15X613 5X614 57X615 40X616 4
4 9X621 77X622 73X623 61X624 4
4 54X629 49X630 61X631 64X632 4
4 10X637 33X638 29X639 15X640 4
4 44X645 12X646 25X647 13X648 4
4 57X653 72X654 33X655 57X656 4
4 52X661 28X662 45X663 37X664 4
4 26X669 33X670 26X671 15X672 4
4 88X677 76X678 55X679 43X680 4
4 24X68S 27X686 40X687 38X688 4
4 44X693 42X694 42X695 10X696 4
4 62X701 50X702 113X703 109X704 4
4 30X709 64X710 39X71 I 23X712 4
4 52X717 46X718 69X719 65X720 4
4 9X725 24X726 66X727 81X728 4
4 108X733 96X734 1 1 1X735 62X736 4
4 93X741 91X742 67X743 84X744 4
4 85X74 9 51X750 72X751 37X752 4
4 140X7S7 136X758 124X759 103X760 4
4 66X765 50X766 73X767 88X768 4
4 96X773 92X774 78X77S 62X776 4
4 63X781 78X782 66X783 1J4X784 4
4 100X789 51X790 85X791 60X792 4
4 56X797 73X798 65X799 90X800 4
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Table A6
(co n td .)
3 S T A T I S T I C A L AN A L Y S I S S V S T
106 86X801 4 72X802 4 56X803 4 40X804 4 61X805 4 32X806 4 17X807 4 45X808 4
107 60X809 4 48X810 4 109X811 4 105X812 4 93X813 4 72X814 4 60X815 4 75X816 4
108 64X817 4 64X818 4 59X819 4 71X820 4 74X821 4 5 7X822 4 S9X823 4 31X824 4
109 48X825 4 40X826 4 65X827 4 61X828 4 47X829 4 31X830 4 57X831 4 40X832 4
110 57X833 4 42X834 4 20X835 4 35X836 4 23X837 4 89X838 4 85X839 4 73X840 4
1 1 1 56X841 4 S6X842 4 71X843 4 80X844 4 80X845 4 75X846 4 87X847 4 90X848 4
112 71X849 4 75X850 4 47X851 4 44X8S2 4 36X853 4 45X854 4 41X8SS 4 27X856 4
113 21X857 4 73X858 4 56X859 4 73X860 4 58X861 4 16X862 4 15X863 4 13X864 4
114 170X865 4 166X866 4 154X867 4 133X868 4 121X869 4 136X870 4 87X871 4 121X872 4
115 96X873 4 80X874 4 103X875 4 118X876 4 116X877 4 92X878 4 109X879 4 101X880 4
116 126X681 4 122X882 4 108X883 4 92X884 4 76X885 4 97X886 4 62X887 4 49X888 4
117 81X889 4 96X89.0 4 84X891 /
118 SUBJECT TO/
119 X001 4 X028 4 X 055 4 X0S2 4 XI 09 4 XI36 4 XI63 4 XI90 4
120 X217 4 X244 4 X 271 4 X298 4 X325 4 X352 4 X379 4 X406 4
121 X433 ♦ X460 4 X 487 4 X514 4 X541 4 XS6B 4 X595 4 X622 4
122 X649 ♦ X676 4 X 703 4 X 730 4 X757 4 X784 4 X81 1 4 X838 4
123 XB6S =755.0 / X002 4 X029 4 X056 4 X083 4 XI 10 4
124 XI 37 4 XI64 4 X 191 4 X218 4 X245 4 X272 4 X299 4 X326 4
125 X353 4 X380 4 X407 4 X434 4 X461 4 X488 4 X515 4 X542 4
126 XS69 4 X596 4 X 623 4 X650 4 X677 4 X704 4 X731 4 X 758 4
127 X785 4 X8I2 4 X 839 4 X866 1192.4 / X003 4 X030 4
128 X057 4 X084 4 X 11 1 4 XI 38 4 XI 65 4 XI92 4 X219 4 X246 4
129 X27J 4 XJOO 4 X327 4 X354 4 X381 4 X408 4 X43S 4 X462 4
130 X489 4 XS16 4 X54 3 4 X570 4 X597 4 X624 4 X651 4 X678 4
131 X 705 ♦ X732 4 X 759 4 X786 4 X813 4 X840 4 X867 = 1139.7 /
132 X004 4 X031 4 X058 4 X085 4 XI 12 4 XI 39 4 X166 4
133 X193 4 X220 4 X 24 7 4 X274 4 X301 4 X328 4 X355 4 X382 4
134 X409 ♦ X436 4 X463 4 X490 4 X51 7 4 X544 4 X571 4 X598 4
135 X625 ♦ X652 4 X679 4 ' X706 4 X733 4 X760 4 X787 4 X8I4 4
136 X841 ♦ X868 =3632.7 / X005 4 X032 4 X059 4 X086 4
137 XI 13 ♦ X 140 4 X 167 4 XI94 4 X221 4 X248 4 X275 4 X302 4
138 X329 4 X356 4 X 383 4 X4 10 4 X437 4 X464 4 X491 4 XS18 4
139 X545 4 XS72 4 X 599 4 X626 4 X653 4 X680 4 X707 4 X 734 4
140 X761 4 X 788 4 X 81 5 4 X842 4 X869 1082.7 / X006 4
141 X033 4 X060 4 X087 4 XI 14 4 X14 1 4 XI68 4 XI95 4 X222 4
142 X249 4 X276 4 X JO 3 4 X 330 4 X357 4 X384 4 X4 11 4 X438 4
143 X465 4 X492 4 X519 4 X546 4 X573 4 X600 4 X627 4 X6S4 4
144 X681 4 X708 4 X 735 4 X 762 4 X 789 4 X8I6 4 X843 4 X870
145 =2564. 3 / XOO 7 4 X034 4 X061 4 X088 4 X 115 4 X 142 4
146 XI 69 4 X196 4 X22 3 4 X250 4 X2 77 4 XJ04 4 X331 4 X 358 4
147 X385 4 X412 4 X 4 39 4 X466 4 X493 4 X520 4 X5*7 4 X574 4
148 X601 4 X628 4 X 655 4 X682 4 X709 4 X7J6 4 X763 4 X 790 4
149 X81 7 4 X844 4 X 871 =1068.4 / X008 4 X035 4 X062 4
150 X089 4 XI 16 4 X 143 4 X1 70 4 X1 97 4 X224 4 X25I 4 X 2 78 4
151 X 305 4 X332 4 X 359 4 X386 4 X4I3 4 X440 4 X467 4 X494 4
152 X521 4 X548 4 X57S 4 X602 4 X629 4 X656 4 X683 4 X 71 0 4
153 X737 4 X764 4 X 791 4 Xfll 8 4 X845 4 X872 =712.3 /
154 X00» 4 X036 4 X063 4 X090 4 XI 17 4 X 144 4 X1 71 4 XI98 4
155 X22S 4 X252 4 X279 4 X.106 4 XJ33 4 XJ60 4 X387 4 X 4 1 4 4
156 X44 1 4 X468 4 X 495 4 X522 4 X549 4 X576 4 X60 1 4 X6J0 4
157 X65 7 4 X684 4 X 71 1 4 X 7 38 4 X 765 4 X792 4 X819 4 X846 4
158 XH7J = 926.0 / X010 4 XO 37 4 X064 4 X091 4 X 1 18 4
159 X 145 4 XI 72 4 X 199 4 X226 4 X25 1 4 X2H0 4 X30 7 4 X J 14 4
160 X 16 1 4 X388 4 X 4 1 5 4 X442 4 X4 6>» 4 X49(, 4 X523 4 XS50 4
161 X5 7 7 4 X604 4 X*6 3 1 4 X658 4 X685 4 X712 4 X7J9 4 X 766 4
287
4
162 X793 ♦ X820 X84 7
163 X06S 4 X092 X 11 9
164 X281 4 X308 X 335
165 X497 ♦ XS24 X 551
166 X713 ♦ X 740 X 767
167 XO 12 X 039
168 X20 1 ♦ X228 X255
169 X4I7 4 X444 X471
170 X633 4 X660 X 687
171 XB49 4 X876 =1567.1
172 X I 2 1 4 X 148 X 175
173 X337 4 X364 X 391
174 XS53 ♦ X580 X 60 7
175 X769 ♦ X796 X823
1 76 X041 4 X068 X 095
177 X2S7 4 X284 X 31 I
178 X473 4. X500 X 527
179 X689 4 X7I6 X743
180 =997.2 X 015
181 XI 77 4 X204 X23I
182 X393 4 X420 X 44 7
183 X609 4 X636 X663
184 X82S 4 • X852 X 879
1 85 X097 4 XI24 X 151
186 X3I 3 4 X340 X 367
187 XS29 4 X556 X583
188 X 745 4 X772 X 799
189 XO 1 7 4 X044 X 071
190 X233 4 X260 X287
191 X449 4 X476 XS03
192 X665 4 X692 X 71 9
193 X881 =12109.1 /
194 X 1 S3 4 XI80 X 20 7
195 X369 4 X396 X423
196 XS85 4 X612 X619
197 XBO 1 4 X828 X855
198 XO 7 3 4 X100 X 127
199 X289 4 X316 X343
200 X505 4 X532 X 559
201 X721 4 X748 X 775
202 X020 X 04 7
203 X209 4 X236 X 263
204 X4 25 4 X452 X 479
205 X641 4 X668 X 695
206 X857 4 X884 =2849.2
207 XI 29 4 X 156 X 183
208 X345 4 X372 X 399
209 X561 4 X588 X6I5
210 X777 4 X804 X831
21 1 X049 4 XO 76 X 103
2 12 X265 4 X292 X 31 1
213 X481 4 X508 X 535
214 Xb9 7 4 X 724 X 7'i 1
215 = 2991 .7 /  X 023
216 X1 85 4 X2I2 X 239
21 7 X401 4 X428 X 455
Table A6
(co n td .)
S T A T I S T I
XB74 = 2393.3





























X746 4 X 7 73


















X1 30 4 XI 57
X346 4 X37 J
X562 4 X5B9
X7 7B 4 xaos
X050 4 XO 7 7
X266 4 X29 1
X482 4 X509


















































X I 84 
X400 























































































































(co n td .)
5
218 X617 X644 X 671
s r a
4 X698
1 S T ]
X72S
219 XB33 X860 X8B7 =1548.5 /
220 XIOS XI32 X 159 XI 86 X213
221 X32I X348 X37S X4 02 X429
222 X537 XS64 X 591 X618 X64S
223 X753 X780 X 807 X834 X861
224 X02S X0S2 X 079 X1 06 XI 33
225 X241 X268 X 295 X322 X349
226 X457 X484 XS1 1 X538 X565
227 X67J X700 X 727 X754 X781
228 X889 . = 1453.1 / X026 X053
229 X 1 61 XI88 X215 X242 X269
2 JO X377 X404 X 431 X458 X4 85
231 XS93 X620 X647 X674 X 701
232 X809 X836 X863 X890 =854.8
233 X081 X 108 X 135 XI62 XI89
234 X297 X324 X 351 X378 X405
2JS X513 XS40 X 567 X594 X621
236 X729 X756 X 783. X810 X837
237 X001 X002 XOOJ X004 X005
238 X009 X010 X01 1 XO 12 XO 1 3
239 XO 1 7 XO 18 X0I9 X020 X021
240 X025 X026 X 02 7 2 7 .1 5 /
241 X031 X032 X0J3 X034 X035
242 XO 39 X040 X 04 1 X042 X043
243 X047 X048 X 049 X050 X05I
244 = 75 .89  / X055 X056 X057
24S X061 X062 X 063 X064 X065
246 X069 X070 X 071 X072 X07J
247 XO 7 7 • X078 X 079 X080 X081
248 X083 X084 X 085 X086 X087
249 X091 X092 X093 X094 X095
2S0 X099 XIOO X 101 XI 02 XI 03
251 X 1 07 X 108 724.72 / XI 09
252 XI 13 XI 14 X 115 XI16 XI |7
253 X1 21 X 122 X 123 XI 24 XI25
254 XI29 XI30 X 131 XI 32 XI 33
255 X136 X 137 X1 38 XI 39
256 X 1 43 X 144 X 145 X1 46 X1 47
257 X 15 1 X 152 X 153 XI 54 X155
258 XI 59 X 160 X 161 XI 62 2509.12
259 X165 X 166 X 167 XI 68 XI69
260 XI 73 X 1 74 X 1 75 XI 76 XI 77
261 X 18 1 XI82 X 18 3 XI 84 XI 85
262 X 189 21 SB.58 / XI 90 XI91
263 XI 95 X196 X 197 XI98 XI 99
264 X20 3 X204 X 205 X206 X207
265 X21 1 X2I2 X 21 3 X2I4 X215
266 X217 X216 X 21 9 X220 X221
267 X225 X226 X22 7 X278 X229
268 X2 J 3 X234 X 2 J5 X236 X2 3 7
269 X241 X242 X 24 1 2492.40 /
270 X24 7 X248 X249 X250 X251
271 X255 X256 X257 X258 X259
2 72 X263 X2o4 *265 X266 X267
273 = 12 4 .18  / X 7 71 X2 72 X2 73
c A L A N A L Y S I S S Y S T E M
X/52 X779 X806 4
X074 X051 X078 4
X240 X267 X294 ♦
X456 X48J X510 4
X672 X699 X 726 4
X888 =997.2 /
X160 X1 87 X214 4
X376 X403 X430 ♦
X592 X6I9 X646 4
X808 X835 X862 4
X080 X1 07 XI34 4
■ X296 X32 3 X3S0 4
X5I2 X539 XS66 4
X728 X755 X 782 4
/ X027 X054 4
X216 X243 X270 4
X4 32 X459 X486 4
X648 X675 X702 4
X864 X89I = 1353.4 /
X006 X007 xooa 4
XOI 4 XOI 5 XO 16 4
X022 X023 X024 4
X028 X029 X030 4
X036 X037 X03B 4
X044 X045 X046 4
X052 X053 X0S4
X058 X059 X060 4
X066 X067 X068 4
XO 74 X075 X076 4
=2359 22 / X0B2 4
X088 X089 X090 4
X096 X097 X098 4
XI 04 X105 X 106 4
XI10 XI 1 1 XI 12 4
XI 18 XI 19 X 120 4
XI26 X127 XI28 4
XI 34 XI 35 1146.75 /
XI 4 0 X1 41 X 142 4
X14S X 149 X 150 4
XI56 X157 X 158 4
/ X163 X 164 4
XI 70 X171 XI72 4
XI 78 X1 79 X 1 80 4
XI 86 X187 XI88 4
XI 92 X193 X 1 94 4
X200 X20I X 202 4
X208 X209 X2I0 4
X216 1036.05 /
X222 X223 X 224 4
X230 X231 X232 4
X238 X239 X 24 0 ♦
X244 X245 X246 4
X262 X253 X2S4 4
X260 X261 X 262 4
X268 X269 X 2 70
X274 X275 X 2 76 4
289
Table A6
(co n td .)
6 S T A T I s r i
274 XZ77 ♦ X278 4 X279 4 X280 4 X28I
275 X285 4 X286 4 X28 7 4 X288 4 X289
276 X293 ♦ X294 4 X 295 4 X296 4 X297
277 X299 ♦ X300 4 X301 4 X302 4 X303
278 X307 4 X308 4 X 309 4 X310 4 X3I 1
279 X315 ♦ X316 4 X317 4 X318 4 X319
280 X 32 3 4 X324 =1947.57 / X325
281 X329 ♦ X330 4 X331 4 X332 4 X333
282 X337 ♦ X338 4 X339 4 X340 4 X341
283 X345 4 X346 4 X347 4 X348 4 X349
284 X352 4 X353 4 X354 4 X3SS 4 X
285 X359 ♦ X360 4 X36I 4 X362 4 X363
286 X367 4 X368 4‘ X 369 4 X370 4 X371
287 X375 4 X376 4 X 377 4 X378 *1584.9;
288 X381 4 X382 4 X383 4 X384 4 X385
289 X389 4 X390 4 X 391 4 X392 4 X393
290 X397 4 X398 4 X 399 4 X400 4 X401
291 X405 *2422.06 / X406 4 X407
292 X41 1 4 X* 12 4 X4I3. 4 X414 4 X415
293 X419 4 X420 4 X 421 4 X422 4 X423
294 X427 4 X428 4 X429 4 X430 4 X43I
295 X433 4 X434 4 X435 4 X436 4 X437
296 X441 4 X442 4 X443 4 X444 4 X445
297 X449 4 X4S0 4 X451 4 X452 4 X4S3
298 X4S7 4 X4S8 4 X4S9 5343.99 /
299 X463 4 X464 4 X465 4 X466 4 X467
300 X471 4 X472 4 X473 4 X4 74 4 X475
301 X479 4 X480 4 X48I 4 X482 4 X483
302 *3011 .87  / X487 4 X488 4 X489
303 X493 4 *494 4 X49S 4' X496 4 X497
304 X501 4 XS02 4 XS03 4 XS04 4 XS05
305 X509 4 X510 4 X51 1 4 XS12 4 XS13
306 X5IS 4 X516 4 X517 4 x s ta 4 X5I9
307 XS23 4 XS24 4 X525 4 XS26 4 X527
308 X531 4 X532 4 X533 4 X534 4 X535
309 X539 4 XS40 * ,2987.07 ✓ X541
310 XS45 4 X546 4 X 547 4 X548 4 X549
311 X553 4 X554 4 XSSS 4 X5S6 4 X557
312 XS61 4 X562 4 X563 4 XS64 4 X565
313 XS68 4 XS69 4 X570 4 X571
314 X575 4 X576 4 X577 4 X578 4 X579
31S X5B3 4 X584 4 XSSS 4 X586 4 X587
316 X591 4 K592 4 X593 4 X594 *2112.46
317 X597 4 X598 4 X 599 4 X600 4 X601
318 X605 4 X606 4 X 607 4 X608 4 X609
319 X61 3 4 X614 4 X61S 4 X616 4 X617
320 X621 s 334 1.07 / X622 4 X623
321 X627 4 X628 4 X629 4 X630 4 X631
322 X635 4 X636 4 X 637 4 X638 4 X639
323 X64 3 4 X644 4 X64 5 4 X646 4 X647
324 X649 4 X650 4 X6SI 4 X6S2 4 X653
325 X657 4 X658 4 X6S9 4 X660 4 X661
326 X66S 4 X666 4 X 66 7 4 X668 4 X669
327 X673 4 X674 4 X 675 2 752.4 2 /
328 X679 4 X6B0 4 X 6H1 4 X682 4 X683
329 X68 7 4 X688 4 x’eag 4 X690 4 X691
A L A N A L V S I S S Y S
X282 4 X283 X284 4
X290 4 X291 X 292 4
1530.15 ✓ X298 4
X304 4 X305 X 306 4
X312 4 X313 X3I4 4
X320 4 X32I X322 4
X326 4 X327 X328 4
X334 4 X33S X336 4
X342 4 X3A1 X344 4
X3S0 *724 72 /
6 4 X357 4 X3 8 4
. X364 4 X36S X366 4
X372 4 X373 X374 4
/ X379 X380 4
X386 4 X3B7 X388 4
X394 4 X39S X396 4
X402 4 X403 X404 4
X408 4 X409 X410 4
X416 4 X417 X418 4
X424 4 X425 X426 4
X432 * 1509.9 /
X438 4 X439 X440 4
X446 4 X447 X44B 4
X454 4 X4S5 X456 4
X460 4 X461 X462 4
X468 4 X469 X470 4
X476 4 X477 X478 4
X484 4 X485 X4B6
X490 4 X491 X492 4
X49B 4 X499 XSOO 4
X506 4 X507 X508 4
*- 2839.48 ✓ X514 4
XS20 4 X52I XS22 4
X528 4 X529 XS30 4
X536 4 X537 X538 4
X542 4 X543 X544 4
X550 4 X5S1 X552 4
X558 4 X559 X560 4
X566 4 X567 2250.25 /
XS72 4 X573 X574 4
X580 4 X581 XS82 4
XS88 4 X589 X590 4
/ X595 X596 4
X602 4 X603 X604 4
X610 4 X6l 1 X612 4
X6I8 4 X6I9 X620 4
X624 4 X625 X626 4
X632 4 X633 X634 4
X640 4 X641 X642 4
X648 *432.98
X654 4 X655 X656 4
X662 4 X663 X664 4
X670 4 X671 X672 4
X676 4 X677 X678 4
X684 4 X68S X6B6 4




7 S T A T I S T I C A L A N A L V S I S s r S
330 X695 ♦ X696 ♦ X697 ♦ X698 4 X699 4 X700 4 X701 4 X702
331 =2916 .74  / X 70 3 ♦ X704 4 X705 4 X706 4 X707 4 X708 4
3J2 X709 ♦ X710 ♦ X 711 4 X7I2 4 X7I3 4 X71* 4 X715 4 X716 4
333 X7I 7 ♦ X718 ♦ X 719 4 X720 4 X72I 4 X722 4 X723 4 X 724 4
334 X725 4 X726 ♦ X 727 4 X728 4 X729 =2262.36 / X 730 4
33S X73I 4 X732 ♦ X733 4 X734 4 X735 4 X736 4 X737 4 X 738 4
336 X739 ♦ X740 ♦ X 741 4 X742 4 . X7A3 4 X7AA 4 X7A5 4 X746 4
337 XT 47 ♦ X74B ♦ X749 4 X750 4 X751 4 X752 4 X753 4 X754 4
338 X75S 4 X7S6 527.54 ✓ X757 4 X758 4 X759 4 X760 4
339 X761 ♦ X762 ♦ X 763 4 X764 4 X765 4 X766 4 X767 4 X768 4
340 X769 ♦ X770 ♦ X 771 4 X772 4 X773 4 X774 4 X775 4 X776 4
341 X777 4 X778 ♦ X779 4 X780 4 X781 4 X782 4 X783 X 2146.47
342 X784 4 X785 4 X786 4 X 787 4 X 788 4 X789 4 X 790 4
343 X79I 4 X792 ♦ X 793 4 X794 4 X795 4 X796 4 X797 4 X798 4
344 XT  99 4 X800 ♦ X80I 4 X802 4 X803 4 X80A 4 X805 4 X806 4
345 X807 ♦ X808 ♦ X809 4 X810 =3356.06 ✓ X811 4 X8I2 4
346 X8 13 ♦ • X814 ♦ X8I5 4 X8I6 4 X8I7 4 X8I8 4 X819 4 X820 4
347 X821 ♦ X822 4 X823 4 X824 4 X825 4 X826 4 X827 4 X828 4
348 XB29 ♦ X830 ♦ X831 4 X832 4 X833 4 X83A 4 X83S 4 X836 4
349 X837 X 3616.66 / X838 4 X839 4 X8A0 4 X841 4 X842 4
3S0 X843 ♦ X844 4 X845 4 X846 4 X8A7 4 X8A8 4 X849 4 X850 4
351 XB5I 4 X8S2 4 X853 4 X8S4 4 XSSS 4 X856 4 X857 4 X8SB 4
352 XBS9 4 ' X860 4 X 861 4 X862. 4 X863 4 X86A =2240.45 /
353 X865 4 X866 4 X867 4 X868 •4 X869 4 X870 4 X871 4 X872 4
3S4 X873 ♦ XB74 4 X875 4 X876 4 X877 4 X878 4 X879 4 X880 4
3SS X881 ♦ X882 4 X883 4 X884 4 X885 4 X886 4 X8B7 4 X888 4
356 X889 ♦ X890 4 X891 =2868.88 >r
NOTEO THE PROCEDURE SAS72 USEO 0.21 SECONDS AND 2048K.
NOTEO BARR. GOODNIGHT. SALL AND HELWIG 
SAS INSTITUTE INC.
P.O . BOX 10066 
RALEtGH. N.C. 2760S
Source: SAS MPS p r in to u t .
291
Table A7
The X -coord inates o f  th e  DGP's and th e  PSP's
Arranged in  th e  D irec tio n  o f  X, and T h e ir R espective Cumulative Weights
DGP's Xk Station 01 Station 02 Station 03 Station Ql) Station 05 Station 06 Station 07 Station 08
No. and or Cumu­ Cumu­ Cumu­ Cumu­ Cumu­ Cumu­ Cumu­ Cumu­
DSP's xg Wk iWg la t iv e  wk &Wg la tiv e Wk &Wg la tiv e  wk & Wg la tiv e Wk &Wg la tiv e Mk &Wg la tiv e Mk &Mg la tiv e Wk * Mg la tiv e
01 DSP11 68
02 DSP13 82 •




07 DSPOfc 100 172.0 172.0
08 DGP10 10l)
09 DGP11 105
10 DGP05 108 172.0 31)1). 0
11 DGP06 109
12 DSP18 110
13 DGP07 112 228.0 572.0
lU DSP17 112
15 DSP03 111) 89.O 89.0 1)07.0 1)07.0 1)07.0 1)07.0 235.0 807.0
16 DGP0U 117 ll)5.0 11)5.0 282.0 68?.0 7.0 8ll).0
17 DSP01 121 1)07 0 1)07.0 3*)7-0 1)92.0
18 DSP02 123 60.0 552.0 1)07.0 1)07.0 1)07.0 1)07.0 318.0 1)07.0
19 DGP03 123 170.0 722.0 278.0 658.0 3 U .0 718.0 88.0 l'95-O 1)07.0 8ll).0 125.0 8ll).0
20 DGP09 123
21 DGP08 126 96.0 81U.0 318.0 813.0
22 DGP01 128 22 0 1)29.0
23 DGP02 130 385 0 81U.0 92.0 8ll).0 129.0 8l>>.0 1.0 8ll).0
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Table A7
(co n td .)
The X -co o rd in a tes  o f  th e  POP's nnd th e  DSP's
Arranged in  th e  D irec tio n  o f  X, and T h e ir R espective Cumulative V eirfits
DGP's \ Station 09 Station 10 Station 11 Station 12 Station 13 Station i t Station 15 Station 16No. and or Curau- Cumu- Cumu- Cumu­ Cumu- Cumu- Cumu- Cumu-
DSP’s x? Wjj AWF la tiv e Wk la tiv e &WR la tiv e wk la tiv e Wjj *rVp la tiv e Wk AWp. la tiv e Wk AWp. la tiv e Wk &Wg la tiv e
01 DSP11 68 68.0  68.0
02 DSP13 82
03 DSP12 85
ou DSP05 9U *400.0 *400.0 215.0 215.0
05 DSP06 9U 192.0 *407-0 *407-0 *407.0 *407.0 *407.0 339.0 *407.0
06 DSP15 9*4
07 D5P0*4 100 >407 0 <407.0 *407.0 1407.0 1407.0 1407.0 7.0 *407.0
08 DGP10 10*4 327.0 73*4.0
09 DGP11 105 1.0 735.0 215.0 ‘ 622.0
10 DGP05 108 208 0 615.0 192.0 81*4.0 3*4*4.0 751.0















(co n td .)
The X -coord inates o f  th e  PGP's and th e  DSP's
Arranged in  th e  D ire c tio n  o f  X, and T h e ir H ospective Cumulative Weights
DGP's *k Station 17 Station 18 Station 19 Station 20 Station 21 Station 22 Station 23 Station ph
No. and or Cumu­ Cumu- Cumu- Cumi- Cumu­ Cumu- Cumu- Cumu­
DSP's xB la t iv e Wk fcWg la t iv e Wk &Wr la t iv e Wk feVp la tiv e Wk ?‘ Wg la tiv e Wk &Wg la tiv e Wk AWg la t i  ve la tiv e
01 DSP11 68 77.0 77-0
02 DSP13 82 32.0 109-0
03 DSP12 85 208.0 317-0
0U DSP05 9U
05 DSP06 9**
06 DSP15 9b 90.0 1*07.0 1*07.0 1*07.0 1*07.0 1*07.0 1*07.0 1*07.0 57.0 57.0
07 DSP0I) 100 • »
08 DGP10 10b 90.0 1»97.0 1*07.0 8lb. 0 171.0 578.0
09 DGP11 105 • • 236.0 8ll*.0 1*07.0 8ll*.0 57.0' ll!*.0
10 DGP05 108 • • 229.0 229.0
11 DGP06 109 1.0 1*98.0 61.0 290.0
12 DSP18 110 • •
13 DGP07 112 32-0 530.0
ll* DSP17 112 . . 350.0 l*6b!o 1*07-0 1*07.0 1*07.0 1*07.0 1*07.0 698.0
15 DSP03 111* • •
16 DOPOl* 117 77.0 607-0 28.0 1*35.0 117.0 81U.O
17 DSP01 121 . •
18 DRP02 123 • •
19 DGP03 123 . • 193.0 657.0 1*07.0 81I1.O 379.0 8ll».0
20 DGP09 123 • .
21 DGP08 126 207-0 8ll*.0
22 DGP01 128 • . 5.0 662.0
23 DGP02 130 • • 152.0 8ll*.0
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Table A7
(c o n td .)
The X -coord inates o f  th e  DGP's and th e  DSP's
A rranged in  th e  D irec tio n  o f  X, and T h e ir R espective  Cumulative Weights
DGP's Xk Station 25
No. and or Cumu­
DSP's xs Wk iWS la t iv e
01 DSP11 68
02 DSP13 82








11 DGP06 109 309.0 309.0
12 DSP18 110
13 DGP07 112 98.0 U07.0


























































(c o n td .)
The X -coord inates o f  th e  DGP's and th e  PGP's
Arranged in  th e  D irec tio n  o f  X, and T h e ir R espective Cumulative Weights
DGP's Xk Station 33 Station 3I1 Station 35 Station 36 Station 37 Station 38 Station 39 Station l»o
No. and or Cumu- Cumu- Cumu- Cunu- Cumu­ Cunu- Cumu­ Curau-








08 DGP10 10b • 21*9.0 21*9.0
09 DGP11 105 81.0  • 330.0 1*07.0 1*07.0 123 0 123.0
10 DGP05 108
11 DGP06 109 236 0 359.0
12 DSP18 110 281* 0 61*3.0 100.0  100.0
13 DGP07 112 1*8 0 691.0 100.0  200.0
ll* DSP17 112 1*07.0 1*07.0 1*07.0 1*07.0 OOOO












(c o n td .)
The Y -coord inates o f  th e  DGP's and th e  BSP's






Station 01 Station 02 
Cumu- Cuimi- 
Wk &Wg la t iv e  Wk &Wg la t iv e
Station 03 Station 0 l« 
Cumu- Cumu- 
Wk &Wg la t iv e  Wk &Wg la tiv e
Station 05 
Cumu- 
Wk &Wg la tiv e
Station 06 Station 07 Station 08 
Cumu- Cumu- Cumu- 
Wk &Wg la t iv e  Wk &Wg la t iv e  Wk &Wg la tiv e
01 DGP01 19 22 0 22 0
02 DGPOU 21 11*5 0 11*5.0 282.0 282.0 7.0 7*0
03 DGP05 22 172.0 179.0
0U DGP02 23 385 0 1*07 0 92 0 237.0 129.0 129.0 1 0 1 0
05 DSP01 23 1*07 0 8lU 0 3l»7 0 58U. 0
06 DGP03 29 170 0 75U.O 278.0 1*07.0 311.0 311.0 88 0 89. 1*07.0 1*07.0 125.0 1*07.0
07 DGP06 32
08 DSP02 3U 60 0- 8ll*.0 1*07.0 8 ll» .0 1*07.0 718 !o 318 0 1*07 0
09 DSP06 35 .
10 DSP03 37 89 0 1*96 0 1*07.0 8 ll».0 1*07.0 Sllt’.O 235*0 l*ll».0
11 DGP08 38 96 .0 8 ll«.0 318 0 8lU 0
12 DGP07 i*o 228.0 61*2.0
13 DSP11 1*2
lU DSP13 1*3




19 DSP05 50 0
20 DGP10 5*»
21  DSP15 62
22 DSP17 63
23 DSP18 65 •
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Table A7
(c o n td .)
The Y -coord inates o f  th e  DGP's and th e  DGP's







Wk &Wg la tiv e
Station 10 
Cumu- 
Wk &Wp la tiv e
Station 11 
Cumu- 
Wk &Wg la t iv e
Station 12 
Cumu- 
Wk AWg la tiv e
Station 13 
Cumu- 
Wk hWr la tiv e
Station ll* 
Cumu- 
Wk &Wp la tiv e
Station 15 
Cumu- 
Wk &Wg la tiv e
Station 16 
Curau- 
Wk 6 Wg la t iv e
01 DGP01 19
02 DGPOU 21 68 lo 68^0




07 DGP06 32 199.0 1*07.0 1*07.0 1*07.0 1*07.0 1*07.0 78.0 78.0 63.0 1*07.0 1*07.0 1*07.0 339.0 1*07.0
08 DSP02 3**




13 DSP11 1*2 68!o 81U.0
lU DSP13 »<3
15 DSPOl* 1*1* 1*07.0 81U.0 1*07-0 81U.0 1*07 .0  8ll*.0 7*0 86^0
16 DSP12 1*1*
17 DGP09 1*8
18 DGP11 1*8 1 .0 87.0 215.0 599.0
19 DSP05 50 1*00.0 1*87.0 215.0 81U.O
20 DGP10 5*» 327.0 8ll*.0
21 DSP15 62
22 DSP17 63
23 DSP18 65 • •
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Table A7
(c o n td .)
The Y -coordinat.es o f  th e  DGP's and th e  DGP's
A rranged in  th e  D ire c tio n  o f  Y, and T h e ir R espective Cum ulative Weights
DGP's Station 17 Station 18 Station 19 Station 20 Station 21 Station 22 Station 23 Station 2U
No. and or Cumu­ Cumu­ Cumu­ Cumu­ Cumu­ Cumu­ Cumu- Cumu-
DSP's Ye Wk iWR la tiv e vk ftwR la tiv e Wk iW5 la t iv e wk ft WR la tiv e Wk .ftWB la tiv e Wk ftWp la tiv e Wk &Wg la tiv e Wk &Wg la tiv e
01 DGP01 19 5 .0 5.0
02 DGPOU 21 77.0 77.0 2 8 .0  28.0 117.0 117.0
03 DGP05 22 • . 229.0 31)6.0
0U DGP02 23 • • 157.0 157.0
05 DSPOl 23
06 DGP03 29 • • 192.0 3')9.0 1)07.0 1)07.0 379.0 1)07.0 16.0 1)07.0
07 DGP06 32 1 .0 78 .0
08 DSP02 31*
09 DSP06 35 . •
10 DSP03 37 • #
11 DGP08 38 207.0 285.0
12 DGP07 1*0 32.0 317.0
13 DSP11 142 77.0 39U.O
l»i DSP13 143 32.0 I426.O
15 DSPOU I4I4 #
16 DSP12 I4I4 208.0 63U.O
17 DGP09 lt8
18 DGP11 I48 • • 236 0 236 0 1)07 0 1)07.0 58.0 1)07.0
19 DSP05 50 • •
20 DGP10 5b 90.0 72U.0 1407 0 1)07 0 171 0 1)07 0
21 DSP15 62 90.0 81I4.0
22 DSP17 63 . 350.0 756.0 1)07.0 8ll).0 1)07.0 8ll).0 1)07.0 8ll).0
23 DSP18 65 • • 1)07 0 811) 0 1)07 0 8 ll) 0 1)07 0 8ll).0 58.0 8ll).o
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Table A7
(c o n td .)
The Y -coord inates o f  th e  DGP's and th e  DSP's
A rranged in  th e  D irec tio n  o f  Y, and T h e ir R espective C im ulative Weights
DGP's Yk 











St at ion 30 
Cumu-
Station 31 
Cumu-buivi u i  ^uiuu— V.UDIU— unrn- uumu— umu— umu— u —






































h h  
UU  
U 8  













































(c o n td .)
Hie Y -coord inates o f  th e  DGP's and th e  DSP’s
Arranged in  th e  D irec tio n  o f  Y, and T h e ir R espective C unula tive  Weights
DGP's \ Station 33 Station 3b Station 35 Station 36 Station 37 Station 38 Station 39 Station lo
No. and or Cumu­ Cumu- Cumu- Cumu- Cumu- Cumu- Cumu- Cumu-












12 DGP07 bO 18.0 281.0 100.0  100.0
13 DSP11 12
l l  DSP13 13
15 DSPOl 11 # «
16 DSP12 11
17 DGP09 18
o© 107. o 107.0 107.0 107.0 107.0 107.0 107.0 77.0 77.0
18 DGP11 b8 81.0 158.0 107.0 107.0 123.0 107.0
19 DSP05 50




8 ll.O 107.0  8ll.O 107.0  8 ll.O 107.0  811.0 107.0 8H .0 107.0 8 ll.O 123.0 530.0
23 DSP18 65 * ’ •






In  o r d e r  to  d e te rm in e  th e  p o i n t s  a t  w hich th e  p o p u la t io n  th r e s h o ld  
f u n c t io n  changes s l o p e ,  s e p a r a t e  r e g r e s s i o n s  were o b ta in e d  u s in g  the  
fo l lo w in g  m o d e ls :
Model 1. STANUM. = 3„ + 3,P0P72Jl  0 1 i
Model 2. STANUMi  = 3Q + 3 1POP72±+ 32 (POP72_L -
Model 3. STANUM̂  = 3Q + 3 1POP72i + 32 (POP72± -  Y)X1+ 33 (POP72i  -  Z)X2
where
i f  POP72 < Y
x ’ !
o th e r w is e .
V '
; i f  POP72 < Z 
„ 1 ; o th e r w is e .
and Y and Z a r e  c o n s t a n t s ,  and a l l  v a r i a b l e s  a r e  as  p r e v io u s ly  d e f in e d .
Model 2 was f i t t e d  f i v e  t im e s ,  w i th  th e  c o n s t a n t  Y b e in g  a s s ig n e d  
th e  v a lu e s  3 ,5 0 0 ;  4 ,0 0 0 ;  5 ,0 0 0 ;  15 ,0 0 0 ;  and 2 0 ,0 0 0 ;  r e s p e c t i v e l y .  
S i m i l a r l y ,  Model 3 was f i t t e d  s i x  t im es  c o r r e s p o n d in g  to  th e  fo l lo w in g  
v a lu e s  o f  th e  c o n s t a n t s  Y and Z:
Y = 3 ,5 0 0 ;  4 ,0 0 0 ;  5 ,0 0 0 ;  15 ,000 ; o r  2 0 ,0 0 0 ;
Z = 15 ,000 ; 2 0 ,0 0 0 ;  3 0 ,0 0 0 ;  5 0 ,0 0 0 ;  8 0 ,0 0 0 ; o r  100,000.
S in ce  model 3 w i th  th e  v a lu e s  o f  Y and Z b e in g  e q u a l  to  3 ,500 
and 15 ,000 ; r e s p e c t i v e l y ,  p ro v id e d  th e  b e s t  f i t  w i th  a l l  e s t im a te d  
p a ra m e te rs  b e in g  s i g n i f i c a n t l y  d i f f e r e n t  from  z e r o ,  i t  was concluded  
t h a t  th e  t h r e s h o ld  f u n c t io n  changes s lo p e  a p p ro x im a te ly  a t  th e  p o i n t s  
a t  which th e  v a lu e  o f  th e  in d e p e n d e n t  v a r i a b l e  POP72 i s  e q u a l  to  
3 ,500 and 15,000 i n h a b i t a n t s ,  c o n s e c u t i v e l y .
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B 5-1 .
I m p l i c i t  i n  th e  f i r m ’s  Market Response F u n c t io n  i s  th e  e f f e c t
o f  m arke t a r e a  s a t u r a t i o n  l e v e l  on i t s  m arke t s h a r e .  To show t h i s ,
l e t
“ i t "  s i t /T S i t
o s i t =  0 i t / T ° i t  » where 
Si t = th e  f i r m 's  s a l e s  p o t e n t i a l  i n  m arket a r e a  i  and y e a r  t ,
TS£t = m arket p o t e n t i a l  i n  m arke t a r e a  i  and y e a r  t ,
0 ^ t = number o f  g a s o l i n e  r e t a i l  o u t l e t s  c a r r y in g  th e  f i r m 's  
b ran d  i n  m arke t a r e a  i  and y e a r  t:, and
T0^t = t o t a l  number o f  g a s o l in e  r e t a i l  o u t l e t s  o p e r a t i n g  i n
m arket a r e a  i  and y e a r  t .
Using th e  above n o t a t i o n ,  th e  f i r m 's  MRF can  b e  e x p re s s e d  as 
f o l l o w s :
slt _ e*P<B0 * Bl°lt/T0lt * 62°Mlt> ■
TSi t  1 +  exp(B0 +  B ,0  /TO t +  62OMl t )
o r ,
Sit = TSit
exp(&Q +  B,0i t /T 0u + B20Ml t )
1 +  exp(B0 +  B10l t /T0l t + B20Ml t )
And by t a k in g  th e  f i r s t  p a r t i a l  d e r i v a t i v e  o f  w i th  r e s p e c t  to  0 ^ t  
we o b t a i n  th e  f o l lo w in g :
6 S i t  .TSjj. PjCexpCPo +  3 i0 i t /T 0 i t +  32OMi t ) )
6 0 i t  TOdt (1 +  exP(&0 +  3 i0 i t /T0i t +  32O M i t» 2
The te rm  ( T S ^ / T O ^ ) i s  th e  i n d u s t r y ' s  a v e ra g e  s a l e s  p e r  o u t l e t  
i n  m arke t a r e a  i  and y e a r  t ,  and i t  r e f l e c t s  th e  s a t u r a t i o n  e f f e c t  o f  
m arke t a r e a  i  on t h e  com pany 's  s a l e s  p o t e n t i a l  i n  t h a t  a r e a .  The change 
i n  t h e  f i r m 's  s a l e s  p o t e n t i a l  i n  a  g iv e n  m arket a r e a  i  i s ,  t h e r e f o r e ,
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a f u n c t io n  o f  th e  a v e ra g e  s a l e s  p e r  s e r v i c e  s t a t i o n  i n  t h a t  a r e a ,  th e  
number o f  th e  f i r m 's  r e t a i l  o u t l e t s  o p e r a t i n g  i n  th e  a r e a ,  and th e  
mix o f  o u t l e t s  a s  a  m easure  o f  i n t e r - t y p e  c o m p e t i t io n  in  th e  a r e a .  In  
g e n e r a l ,  o th e r  th in g s  b e in g  e q u a l ,  t h e  lo w er  t h e  l e v e l  o f  m arket a r e a  
s a t u r a t i o n ,  th e  h ig h e r  i s  th e  a v e rag e  s a l e s  p e r  o u t l e t  and v i s a  v e r s a .
B5-2.
A f u n c t io n  o f  th e  v a r i a b l e  x ,  f ( x ) ,  i s  s a i d  to  be convex i f ,  f o r
each  p a i r  o f  p o in t s  on th e  g raph  o f  f ( x ) , t h e  l i n e  segm ent j o i n i n g  th e s e
two p o i n t s  l i e s  e n t i r e l y  above o r  on th e  g raph  o f  f ( x ) .  I n  m a th e m a tica l
te rm s ,  i f  f ( x )  i s  d i f f e r e n t i a b l e  w i th  r e s p e c t  to  x ,  and i f  i t s  second
9 9d e r i v a t i v e  w i th  r e s p e c t  to  x ,  d f ( x ) / d x  , i s  d e f in e d  everyw here , th e n
9 2f  ( x ) ‘ i s  convex i f  and o n ly  i f  d f ( x ) / d x  _> 0 f o r  a l l  v a lu e s  o f  x .
9 9S i m i l a r l y ,  f ( x )  i s  concave  i f  and o n ly  i f  d ^ f ( x ) / d x  0 f o r  a l l  v a lu e s
o f  x .  The f u n c t io n  f ( x )  i s  s a i d  to  b e  s t r i c t l y  convex, how ever, i f
th e  s ig n  _> can be  r e p la c e d -  by th e  s t r i c t  i n e q u a l i t y  s ig n  > . The op -
*
p o s i t e  i s  t r u e  f o r  s t r i c t l y  concave f u n c t i o n s .
F r e d r i c k  S . H i l l i e r  and G e ra ld  J .L ie b e rm a n ,  O p e ra t io n s  R e s e a rc h , 
2nd. e d . (S a n  F r a n c i s c o :  Holden-D ay, I n c . ,  1974), P P .749-54; H arvey M. 
Wagner, P r i n c i p l e s  o f  O p e ra t io n s  R e se a rch  (Englewood C l i f f s ,  New J e r s e y :  
P r e n t i c e - H a l l ,  I n c . ,  1969), P .  593 .
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B 5-3.
E q u a tio n s  ( 5 . 8 - 5 . 1 1 )  r e p r e s e n t  a  n on -convex , n o n - l i n e a r  program­
ming prob lem . This  i s  e s t a b l i s h e d  i n  w hat f o l lo w s .
F i r s t ,  th e  s e t  o f  c o n s t r a i n t s  5 .9 - 5 .1 1  c o n s i s t s  o f  l i n e a r  i n e ­
q u a l i t i e s .  I t  i s  w e l l  e s t a b l i s h e d  t h a t  th e  s e t  o f  p o i n t s  w hich s a t i s f i e s  
a l i n e a r  e q u a l i t y  o r  i n e q u a l i t y  l i e s  on a h u p e rp la n ,  and t h a t  th e  i n t e r ­
s e c t i o n  o f  a f i n i t e  number o f  h y p e rp la n e s  c o n s t i t u t e s  a  convex s e t .
T h e re fo re ,  th e  s e t  { n ^ ,  L ^ } w h ic h  s a t i s f i e s  c o n s t r a i n t s  5 .8 - 5 .1 1  i s  a  
*
convex s e t .
Second, e q a u t io n  5 .8  i s  t h e  sum o f  ’ i t ’ non -convex , non-concave  
f u n c t io n s  o f  th e  form
exp(x)
S  = -----------------  • TS^ , w here  5 .81
1 + exp (x)
®lt"^ n l t
X = 30 + 3 , ------------- +  32 otijj. ,
Toi t
and , t h e r e f o r e ,  i s  i t s e l f  a  n on -convex , n o n -can cav e  f u n c t i o n .  To shaw 
t h i s ,  i t  s u f f i c e s  to  p ro v e  t h a t  5 .81  i s  n e i t h e r  convex n o r  concave .
L e t  0 8 ^  = ( 0 ^ +  n^j. J /T O ^  , and by t a k in g  th e  f i r s t  two p a r t i a l  
d e r i v a t i v e s  o f  5 .81  w i th  r e s p e c t  to  OS^ we o b t a i n  th e  f o l lo w in g  e x p re s ­
s io n s  :
Leon Cooper and  David S t e in b e r g ,  Methods o f  O p t im iz a t io n  
( P h i l a d e lp h ia :  W .B.Saunders Company, 1970), . C h ap te rs  3 and 8 .
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exp(x )
6 S, /  6 OS, = ( 8 , /TO,.)  r -   5 .8 21 I t  { 1 + e x p ( x ) } 2
2 2 2 exP (x H  1 “  e x p (2x) }
<S S /  6 OS, = ( 8, /TO ) ................................     5 .83
*  ^  1 I t  { l  + e x p (x )}
I t  i s  c l e a r  from e x p r e s s io n  5 .8 3  t h a t  
> 0 i f  e x p (2x) <1
= 0 i f  e x p (2x) =1  ( i n f l e c t i o n  p o i n t )
< 0 i f  e x p ( 2x) > 1 .
S in c e  th e  e s t im a te d  v a lu e s  o f  th e  p a ra m e te r s  3q and 82 a r a
/  6 OS*. <
n e g a t i v e ,  th e n  w i th  a  s u i t a b l y  chosen  O S ^ t h e  v a lu e  o f  5 .8 3  can be  
made g r e a t e r ,  e q u a l ,  o r  l e s s  th a n  z e r o .  T h e r e f o r e ,  t h e  o b j e c t i v e  
f u n c t io n  a s  e x p re s s e d  i n  5 .8  i s  n e i t h e r  convex n o r  co n cav e ,  w hich i s  
what we w ished  to  show.
B 5-4 .
M arg ina l Revenue F u n c t io n . The f i r s t  p a r t i a l  d e r i v a t i v e  o f  
th e  t o t a l  rev en u e  f u n c t i o n  e x p re s s e d  i n  5 .8 2  ab o v e , r e p r e s e n t s  th e  
m a rg in a l  ( in c r e m e n ta l )  rev en u e  f u n c t i o n .  I n  o r d e r  f o r  5 .8 2  to  b e  a  
concave  f u n c t i o n ,  i t s  second  d e r i v a t i v e  w i th  r e s p e c t  to  O S ^m u st  b e  
l e s s  th a n  z e ro  f o r  a l l  v a lu e s  o f  O S^ o v e r  w hich  t h e  f u n c t i o n  i s  
d e f in e d .
S in c e  th e  second  d e r i v a t i v e  o f  5 .8 2  i s  e q u a l  to  th e  t h i r d  
p a r t i a l  d e r i v a t i v e  o f  5 .8 1 ,  i t  can  b e  d e r iv e d  a s  f o l lo w s :
3 o
6 3 S i t / 6  OS3. = ( 8j^/TO^j.) e x p ( x ) {1 +  e x p ( x ) } { ( 1 + e x p (x ) )  ( 1 - 3  e x p (2 x ))  
-  ( 4 e x p ( x ) )  ( l + e x p ( 2x ) ) }  ( 1+ e x p (x )) - ®
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The v a lu e  o f  th e above fu n c tio n  i s  l e s s  than or equal to  zero
i f ,  and o n ly  i f ,
( 1 + e x p (x ) )  ( 1 - 3 e x p (2 x ) )  £  (4 exp(x ) ) ( 1 - ex p (2 x ))  ,
o r  a l t e r n a t i v e l y ,
3 e x p (x )  +  3 e x p (2 x )  -  exp(3x) _> 1.
By t a k in g  th e  lo g a r i th m  o f  b o th  s i d e s  we obt: ".n th e  f o l lo w in g :
ln ( 3 )  +  x + l n ( 3 )  + 2 x - 3 x  j> 0 ,  o r  (2) l n ( 3 )  0 , w hich i s
o 3
t r u e .  T h is  im p l i e s  t h a t  6 0 f o r  a l l  v a lu e s  o f  OS^ ,
which i s  w hat we w ished  to  show.
B5-5.
The median, i s  a  m easure o f  c e n t r a l  tendency  and i s  u s u a l l y  
d e f in e d  a s  t h a t  v a lu e  which d iv id e s  a g iv e n  number o f  q u a n t i t a t i v e  
term s a r ra n g e d  by o r d e r  o f  m agn itude  i n t o  two e q u a l  s e t s .
For th e  p rob lem  a t  h an d , th e  optimum o u t l e t  l o c a t i o n  c o o r d in a te s
* * *
(Xj,Y^.), can  be  found as f o l lo w s :
D efine  lwr j l x  anc* lWr j l y  a s  t *ie  o r d e r in g  o f  th e  W ^ ’s  and th e  
W . ' s  i n  th e  X and Y d i r e c t i o n s ,  r e s p e c t i v e l y .  Where k = l , 2 , . . . ,  K;
6J
g = l , 2 , . . . ,  G; r  = l , 2 , . . . ,  k + g ; and j = l , 2 , . . . ,  n .  When 
k+g
SUM W # i s  odd , th e n  th e  m ed ian , m, i s  e q u a l  to  
r= l
Roger C. V e rg in ,  and J ac k  D. R ogers ,  "An A lg o ri th m  and Computa­
t i o n a l  P ro ce d u re s  f o r  L o c a t in g  Economic F a c i l i t i e s , "  Management S c i e n c e , 
V ol. 13, No. 6 (F e b r u a ry ,  1967), B240-B254.
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k+g
m = ( h  SUM W .) +  h  ,  and 
r = l  3
* r -i k+8 . .
X. = MIN.(X / f o r  ‘w hich SUM Wr J v > m, j  r  r = l r J ' x  —
k+g
Y* = MIN. {x } f o r  w hich SUM |wr  • L  > m. j  r  r = i  y  —
k+8
However, when (SUM W .)  i s  ev en ,  th en  th e  median l i e s  i n  th e  range  
r = l  r J
k+g
m1 = h  SUM W . , and m" = m' + 1 .  The l o c a t i o n a l  c o o r d in a te s
r = l  r J
a r e  th e n  e q u a l  to :
k+g
f  X . i f  SUM |W . |  >m*
X *  =  "  r= 1  x  . k+8  , ,
3  L Any v a lu e  from Xm? to  X^,, i f  Slfljl |Wr j l x = m' i
T* _ f V lf ISf
S  ~  J I I
Any v a lu e  from Y , to  Y M i f  SUM |W . | = m' .
m m r =1 J j
Where
k+g '
X , = MIN. {X } f o r  which SUM W . > m ',m' r  r = i  1 r j ' x  =
k+g
X „ = MIN. (XJ  f o r  which SUM |w . | >m",m r  . r= l  r ]  x =
k+8
Y , = MIN. {Y } f o r  which SUM |w I > m’ ,
m' r  r = l  r j  y —
Y „ = MIN. {Y } f o r  w hich SUM |w^. | > m " .in r  r j  y
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